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Original Communications 


COMPENSATION AND FAILURE OF THE RIGHT VENTRICLE* 


Meyer Hersert FINEBERG, M.D., AND Cart J. WiaGcEers, M.D. 
CLEVELAND, OHIO 


HE right ventricle is normally adapted for response to widely dif- 

ferent volumes of venous return, but it is not accustomed to react 
against such great variations in arterial resistance as is the left. Under 
pathological conditions when the pulmonary resistance increases grad- 
ually as in pulmonary arteriosclerosis, mitral stenosis, ete., biological 
reactions occur which lead to hypertrophy of the chamber. When, how- 
ever, pulmonary resistance is rather suddenly inereased as happens, for 
example, through multiple embolism of pulmonary branches or massive 
embolism of the main vessel, the compensatory mechanisms held in re- 
serve by the normal ventricle must be relied upon. As soon as the 
resistance offered exceeds the capacity for compensatory response, rapid 
failure of the right ventricle supervenes. 

How large a physiological factor of safety the right ventricle possesses 
for meeting such emergencies can be evaluated by determining the great- 
est possible reduction in the pulmonary vascular bed before the supply 
of the left heart suffers and arterial pressures decrease. The results of 
earlier investigations summarized by R. Tigerstedt® indicate that more 
than one-half and often two-thirds of the pulmonary branches can be 
ligated in experimental animals before mean arterial pressure is re- 
duced significantly. More recent experimental observations by Haggart 
and Walker* and Gibbon, Hopkinson, and Churchill’ have further shown 
that the lumen of the main pulmonary artery can be reduced approxi- 
mately 60 per cent without reduction in arterial pressure. 

While numerous studies upon the consequences of pulmonary obstruc- 
tion are on record, no satisfactory analysis has yet been made of the 
compensatory mechanism whereby the right heart is able to carry on 
an adequate circulation despite great reduction in the pulmonary 
vascular bed and of the dynamie reactions responsible for the circulatory 
failure when obstruction exceeds a critical value. Records of mean 


*From the Department of Physiology, Western Reserve University Medical School. 
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systemic, mean pulmonary and venous pressures cannot advance our 
conceptions much beyond the time of Cohnheim; they at best give only 
an inkling of what might transpire. Minute volume determinations in- 
volving complex gasometric analyses actually yield no information that 
could not be supplied by an intelligent analysis of mean blood pressure 
tracings. Oncometric studies of the two ventricles do not permit dif- 
ferentiation between effects in the right and left ventricles, so essential 
in these conditions. In short, modern methods capable of elucidating 
the character of dynamic disturbances have so far not been used in a 
complete study of the question. Such incidental observations as have 
been made by modern methods (e.g., those of Wiggers'! Straub,® Katz, 
Ralli, and Cheer,’ and Wagner’’), though indicative of what could be 


Fig. 1. 


expected, were not primarily designed for a considered study of the 
questions at issue and moreover are not entirely in agreement. 

Since the reactions of the right ventricle can be evaluated by optical 
registration of right ventricular pressures, and even slight impairment of 
left ventricular output can be judged by simultaneous registration of 
aortic pressure pulses, we employed these means of interpreting the 
effects due to graded compression of the pulmonary artery. 


METHODS 


Dogs were anesthetized by means of morphine and sodium barbital; the chest 
was opened and the heart exposed in the customary manner. The pulmonary artery 
was dissected sufficiently so that a stout ligature attached to a compressor could 
be passed around the vessel. The footplate of the compressor (Fig. 1) was placed 
upon the artery and the ligature fastened to the catch (B) so that a loose loop 
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(A) encircled the vessel. During the course of observations, this loop was progres- 


sively decreased in diameter—and the pulmonary artery with it—by tightening 
a screw (C) at the top of the compressor. A calibration on the moving screw thread 
(D) gave an arbitrary reading scale. At the end of an experiment the area of the 
loop as used at different readings of the scale was measured by means of a conical 
salibrated gauge (/), similar to a ring gauge used by jewelers. The area of the 
severed pulmonary artery was likewise measured by this gauge, and the diameter 
of the vessel walls was determined. By use of these data the arbitrary readings of 
the compressor could be given actual values. 

During an experiment the vessel was compressed by this instrument in a graded 
fashion, 3 to 5 minutes being usualiy allowed between successive compressions for 
circulatory adjustments to the new conditions. 

Pressure pulses from the right ventricle and aorta were simultaneously recorded 
by use of the Wiggers optical manometers, the customary technic of the laboratory 
being followed (Wiggers!2). Records were taken between each additional com- 
pression. In some experiments, electrocardiograms (conventional Lead II) were 
taken in addition. 

RESULTS 

Segments of records illustrating typical effects of graded compression 
of the pulmonary artery are reproduced in Fig. 2. 

Previous to their analysis it may be useful to review concisely the 
information that such curves are capable of supplying. The aortic pres- 
sure pulse (upper curve) gives direct information as to diastolic (B) 
and systolic (C) pressures in the aorta and their difference, which con- 
stitutes the pulse pressure. These are the pressure values one ordinarily 
determines by clinical methods. Variations in duration of the heart 
eyele (i.e., heart rate) and duration of left ventricular ejection (B-D) 
ean be determined precisely with reference to the time abscissae below. 
The magnitude of the pulse pressure corresponds to the volume of 
systolic discharge provided drastic changes in peripheral resistance do 
not oeeur. The changing velocities of left ventricular ejection are 
mirrored in the contour of these pressure pulses (Wiggers and Katz"*). 
Thus the rapid initial discharge of the left ventricle corresponds to the 
sharp rise (B to C), and reduced ejection toward the end of systole is 
responsible for the gradual decline of aortic pressure from the summit 
(C) to the incisura (D). Similar information regarding ejection of the 
left ventricle can be gained clinically by registration of the subelavian 
pulse. 

The right ventricular pressure curve (lower) gives information re- 
garding the changing behavior of the right ventricle. The pressure 
level at A represents the initial tension under which the ventricle 
starts its contraction. It gives important information as to the venous 
pressure level and the diastolie size of the right heart. Ejection begins 
at B and the summit reached at C normally corresponds to the pul- 
monary systolic pressure. The systole of the right ventricle (A-D) 
with respect to eyele length can be ealeulated. 

In the successive records of Fig. 2, the degree of pulmonary com- 
pression is expressed as percentile reduction of the natural lumen, and 
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the durations of right ventricular systole are written below the curve. 
A glance at these segments shows that there is no measurable change 
either in the magnitude or in the contour of the aortic pressure curve— 
i.e., in left ventricular output—until segment /. Data from this and 
other experiments indicate that such complete compensation of the right 
ventricle obtains with compressions equal to 52, 70, 65, 41, 72, 49, 59 
per cent (average, 58 per cent). 

Up to this time significant changes have occurred in the right ven- 
tricular eurve (lower). The maximum pressure (C) starts to increase 
at once and continues to mount in successive segments, the peak (C) 
moving gradually to the right. These changes signify that the right 
ventricle suecessfully overcomes increasing resistance to ejection by the 
development of a higher intraventricular pressure during systole. 

Two different mechanisms occurring in sequence seem to be concerned 
in the production of such a response. A careful study of the segments in 
Fig. 2 and of similar records from other experiments consistently showed 
that the first increase in right ventricular tension is not associated with 
a rise of initial tension (A) nor with changes in duration of contrac- 
tion. Beginning with segment F, however, the initial tension increases 
and with it a further marked augmentation of pressure and a prolonga- 
tion of systole occurs. The transition point at which this change be- 
came noticeable occurred in various experiments when the degrees of 
pulmonary compression were 48, 43, 36, 24, 47, 41, 50, 46, 43, 48, 62 
per cent (average, 45 per cent). Such results signify that the first com- 
pensatory increase in right ventricular pressure (up to segment £) is 
solely the result of an increased load in the pulmonary artery, but, as 
soon as the right ventricle through operation of this mechanism alone 
cannot empty itself to quite the normal extent, a small systolic remainder 
occurs. This, added to the normal inflow volume, acts to raise initial 
tension and slightly inereases the diastolie size. As a result of these 
changes, the pressure development increases markedly, and systole is 
prolonged. These compensatory reactions produced through stretching 
of the ventricle have been found to be of great importance in adapting 
the left ventricle to great inerease of aortie resistance (Wiggers,'® 
Wiggers and Katz,’* Katz, Ralli, and Cheer’). They have also been 
found to be of considerable importance in adjusting the output of the 
right ventricle to great increases of venous return (Wiggers). The 
small margin between the degree of pulmonary resistance, at which 
this mechanism is first invoked (segment F£), and that at which the out- 
put of the left heart begins to suffer (segment F’) suggests that this com- 
is of but limited value in overcoming augmented 


pensatory mechanism 
pulmonary resistance. 

The records of Fig. 2 succeeding segment F show clearly the mechan- 
ism by which the ventricle fails in the majority of experiments. Despite 
the further elevation of right ventricular pressure, the systolic dis- 
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charge of both ventricles decreases; consequently blood accumuiates in 
the right heart. The initial tension (A) therefore increases progres- 
sively; the right ventricle distends and venous pressures necessarily 
rise. In segment G we note that the gradients of the curves are no 
longer so steep and that the duration of systole decreases, confirming the 
interpretations of Feil and Katz? that this is early evidence of incipient 
myocardial fatigue. In segments JJ and J, despite further increase of 
initial tension (A), the pressure maximum (C) is much lower and 


Fig. 2. 


systole (A-D) is further shortened. This failure of the right ventricle 
to maintain a high systolic pressure (fatigue) is the immediate cause 
of the smaller delivery of blood to the left ventricle, its reduced output, 
and the decline of systolic and diastolic aortic pressures. 

Our experiments indicate, furthermore, that these changing responses 
of the right ventricle are progressive with increasing degrees of pul- 
monary compression. They are progressive also in the sense that if 
compression be maintained for a considerable time at a dynamic stage 
represented by segment F’ for example, a subsequent set of changes 
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represented by segments G, H, and IJ is likely to supervene, and the 
animal may die as a result of hypodynamie action of the right ventricle. 

The reasons for such prompt failure, which contrasts strikingly with 
the sustained compensatory reactions of the left ventricle as described in 
similar compressions of the systemic aorta by Katz, Ralli, and Cheer,® 
are (1) the smaller bulk of right ventricular muscle and (2) the de- 
erease in aortic pressure and coronary blood supply. In fact, when 
aortie pressures fall ever so little as in segment F, the right ventricle is 
required to work harder with a smaller volume flow through its 
coronaries. A vicious circle is thus established which can be broken only 
by prompt reduction of the high pulmonary resistance. 

While this mechanism of cardiac failure predominated in our experi- 
ments, another mechanism was frequently found to supervene, in 
terminal stages. It was noted in some experiments that the heart slowed 
tremendously and in some instances stopped completely, after a dynamic 
stage represented by segment H had been reached. Since it was not 
abolished by vagus section an intrinsic cardiac mechanism was suspected. 
Electrocardiographie tracings indicate clearly that the sinus pacemaker 
failed and that A-V nodal or idioventricular centers maintained the 
beat. In some eases these also failed, and the heart just stopped. In 
other instances ventricular fibrillation supervened. Conduction disturb- 
anees were frequently noted as was evidenced by prolonged P-R inter- 
vals, periodic A-V block, and changes in the QRS complexes. Impair- 
ment of blood supply offers the best explanation for these phenomena. 


DISCUSSION 


Our studies upon the reactions of the right ventricle to graded increase 
in pulmonary resistance are of practical as well as of scientific interest. 

In the first place, our observations confirm the impressions of most ex- 
perimenters from the time of Cohnheim in 1889 to the present day, viz., 
that the circulatory failure following obstruction or compression of the 
pulmonary artery is due solely to fatigue and failure of the right ven- 
tricle. We were entirely unable to confirm the conclusions of Gibbon, 
Hopkinson, and Churchill* that with certain favorable degrees of oc- 
clusion of the pulmonary artery—i.e., between 60 and 85 per cent— 
circulatory failure does not result ‘‘from a precipitate failure of an 
overloaded right heart but from a gradual withdrawal of blood from 
active circulation. .. . Death under these cireumstanees occurs as it does 
in hemorrhage or shock—not primarily from eardiae failure but from 
the effects of a reduced volume of circulating blood.’’ 

A perusal of the experimental data submitted by these investigators 
makes it difficult to understand upon what facts such a conclusion was 
reached. Blood volume determinations are not reported and a fall of 
venous pressure-—a sine qua non of shock and hemorrhage—is not de- 
scribed. Either some confusion existed between cardiac minute output 
and volume of blood in the vascular system, or it was not recognized 
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that reduced cardiac minute output can occur even with an excessive 
blood volume. In short, their report contains no single bit of evidence 
for the conclusions reached. The clinical histories of cases with pul- 
monary embolism in which death follows only after a lapse of hours 
with signs of progressive circulatory failure can easily be harmonized 
with progressive failure of a right ventricle. The rise of venous pres- 
sures coincident with such cireulatory failure is also indicative of right 
ventricular fatigue but is not at all concordant with the shock hypothesis. 

In the second place, our results emphasize that the right ventricle has 
only a limited power of response to drastic sudden increase in pul- 
monary resistance, and that fatigue and failure easily supervene when 
aortic pressure, and with it coronary flow, is suddenly reduced. When, 
in addition, some degree of anoxemia exists, as may happen in pneu- 
monia for example, it is easy to understand why a cireulatory crisis may 
be brought about through failure of the right ventricle even without 
auricular fibrillation. The possibility of doing harm by use of pressure- 
lowering drugs in every case with acute accentuation of the pulmonic 
second sound cannot be overemphasized and the possible value of pressor 
agents such as small doses of epinephrine, ephedrine, neosynephrine, ete., 
which incidentally are also cardiac stimulants, should be considered 
whenever increased pulmonary resistance is suspected to have occurred 
rather suddenly. 

Finally, our experimental work stresses the futility of venesection 
in such eases. The right ventricle is able to respond to far greater 
elevation of initial tension than seen in our experiments before failure 
occurs, provided the pulmonary circuit is fully patent (Wiggers*’). 
Therefore, no reason exists for believing that the stretch encountered 
during diastole is a serious factor in the onset of fatigue, which seems to 
be due rather to the inereased resistance encountered during systole, 
making right ventricular contraction more nearly isometric. On the 
contrary, lowering of initial tension by venesection would deprive the 
heart of a valuable mechanism for compensation. The physiological 
premises that appear to favor use of venesection in cardiac decompensa- 
tion due to valvular lesions and primary failure of the left ventricle 
(Eyster') cannot apply to conditions in which the right ventricle is 
primarily strained. 

The scientific aspects of our observations have a bearing upon the 
fundamental forees that govern altered contraction of a ventricle. Ex- 
perimental observations have stressed the importance of initial tension 
and diastolic size as fundamental in compensatory reactions of the heart 
regardless of whether primary variation of rate, venous return or 
arterial resistance are involved (Wiggers’® **). Perhaps the importance 
that the load during contractions (of the right or left ventricle) plays 
has been insufficiently emphasized, despite various indications that it 
does affect the contraction process. Patterson, Piper, and Starling® 
found that increasing the aortie resistance, the systolic discharge being 
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constant, tends to prolong ventricular contraction. Wiggers and Katz™ 
found only an abbreviation of systole until the diastolic size of the ven- 
tricles increased, in which case it was prolonged. They therefore be- 
lieved that increased load per se tends to shorten the contraction. 
Wiggers’ noted that immediately following aortic compression left 
intraventricular pressures mounted to higher summits for a few beats 
previous to rise of initial tension, the duration of contraction also being 
less. Katz, Ralli, and Cheer® made a few observations upon the effects 
of abrupt compression of the pulmonary artery. They found, in addi- 
tion to the immediate elevation of the pressure peak, an increased dura- 
tion of systole and broadening of the curves before initial tension had 
increased, but observed, as we did with more graded compression, a 
further favorable effect when initial tension subsequently increased. 
Stella’ concluded from experiments on the perfused turtle heart that 
‘*the contractile stress set up in muscle at any moment is determined by 
its volume at that moment and by the time that has elapsed since the 
commencement of systole.’’ 

In the experiments now reported we observed that when the size of the 
artery is decreased roughly up to 40 per cent (segment D, Fig. 2), the 
pressure peak increases progressively without change in initial tension. 
The graded and persistent character of the response, far more than the 
transitory changes heretofore reported on mammalian hearts, supplies 
convincing evidence that the magnitude of the load after ventricular 
contraction has started affects the amplitude of contraction. In these 
experiments the changes in gradient, as could be expected, involve solely 
the part of the curve that comes during the ejection phase, and the 
duration of contraction remains unaffected. We are therefore led to 
question whether the slight abbreviation of left ventricular systole with 
increased resistance, previously reported from this laboratory,'* is after 
all a direct effect of the load. The possibility that it may be associated 
with improved coronary flow may be suggested. Prolongation of con- 
tractions (e.g., segment D) seems to be associated solely with rise of 
initial tension under the conditions of these experiments. This does not 
preclude a lengthening influence such as Katz, Ralli, and Cheer® and 
also Stella’ noted when resistance was abruptly increased without rise of 
initial tension. 

In formulating the laws that govern cardiae response, greater ac- 
count must therefore be taken of the effect of load upon release of 
mechanical energy, oxygen consumption, and tendency to development 
of fatigue. 

CONCLUSIONS 

1. The reactions of the right ventricle to increasing gradual compres- 
sion of the pulmonary artery were studied by simultaneous registrations 
of right intraventricular and aortic pressures by optical manometers. 

2. Compensatory reactions which are sufficient to prevent changes 
in aortie pressure pulses occur up to the point where the pulmonary 
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compression equals about 58 per cent. They involve (a) primary re- 
actions of the right ventricle to increased load and (b) secondary re- 
actions due to increased initial tension and diastolic stretch of the right 
ventricle. Both increase the pressure maximum in the right ventricle, 
but the latter alone acts to prolong contraction. This pressure rise is 
sufficient to overcome the added pulmonary resistance, with the result 
that the supply of blood to the left ventricle does not suffer. 

3. The normal transfer of blood to the left ventricle begins to diminish 
slightly while these compensatory mechanisms are stil! in operation, with 
the result that a slight decrease in aortic pressures occurs. The con- 
tinued operation of the right ventricle under stretch combined with in- 
creased resistance leads readily to beginning failure, particularly when 
coronary blood flow is simultaneously reduced by lower arterial pressure. 
Similar changes follow still more rapidly when the degree of compres- 
sion is inereased further. The initial reduction in duration of contrac- 
tion with slow pressure gradient presages onset of fatigue. The actual 
reduction in amplitude of the intraventricular pressure curves with 
rising initial tension establishes its existence. 

4. No evidence was discovered, or has in our opinion been presented 
by others, that circulatory failure following obstruction of the pul- 
monary circuit has any other cause than fatigue of the right ventricle. 

5. The clinical and academic importance of these observations is dis- 
eussed. The importance of attempting to maintain an adequate arterial 
pressure and coronary flow in the avoidance of right ventricular fatigue, 
the possible harm from use of pressure-lowering drugs and the futility 
of venesection are stressed as points of clinical interest: The demonstra- 
ticn that intraventricular pressures can increase without rise of initial 
tension for considerable intervals of time as a result of increased load 
supports previous indications that changes in initial tension and diastolic 
size are not the only fundamental mechanisms that determine the re- 
lease of energy during ventricular contraction. 
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EXTRASYSTOLES OF CLINICAL SIGNIFICANCE* 


Ernst P. Boas, M.D., AND Hyman Levy, M.D. 
New York, N. Y. 


A GENERATION ago extrasystoles, or premature beats, were re- 
garded as evidence of myocardial damage, and their recognition 
in a patient often led to the pronouncement of a gloomy prognosis. 
Gradually it was realized that they are frequently encountered in hearts 
that are otherwise normal, and, led largely by the teachings of Mac- 
kenzie, physicians learned to regard them as innocuous and to ignore 
them in the clinical evaluation of a case. Many attempts have been 
made, on the basis of statistical studies and of clinical analyses to deter- 
mine their significance more accurately, and to discover whether par- 
ticular kinds of extrasystoles have special meaning. At least 50 per 
cent of patients with extrasystoles have hearts that are normal, as far 
as can be determined, and the oceurrence of extrasystoles in diseased 
hearts seems to follow no recognizable rules. It has been generally 
accepted that extrasystoles occurring in individuals with hearts that 
are otherwise normal are not portents of present or future heart dis- 
ease and that in the presence of frank heart disease their appearance 
does not add to the gravity of the prognosis. 

A common error has been in the evaluation of extrasystoles on the 
basis of mortality experience alone. Since a physiological disturbance 
may offer evidence of some derangement of the body without leading 
to death, it would seem worth while to pursue the question whether 
extrasystoles may ever offer evidence of myocardial damage, which need 
not be permanent or irreversible. If so, they gain in significance and 
may serve as useful aids in diagnosis and treatment. 

Extrasystoles arise supposedly from an irritable focus in the auricular 
or ventricular myocardium. At times the cause seems quite clear. Thus 
extrasystoles induced by smoking, by coffee, or by the administration of 
salicylates' or of digitalis disappear when the offending agent is re- 
moved. Their occurrence under such circumstances indicates the reac- 
tion of the heart to a poison and ealls for the removal of the toxic 
substance. 

Less clear-cut is the mechanism of extrasystoles that occur in asso- 
ciation with gallbladder disease, or with gastrointestinal disturbances, 
and that disappear following the correction of the abdominal condition. 
They may be toxie or reflex in origin. Reflex or neurogenic extra- 
systoles will not be further discussed at this time, for they are rarely 

*From the Medical Service (Dr, George Baehr) Mount Sinai Hospital. 
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signals of heart disease. However, in some instances, myocardial dam- 
age seems to sensitize the heart to respond in this manner to reflex 
mechanisms that may bombard normal hearts without giving rise to 
any irregularity. 

Acute infectious diseases, acting in a manner similar to known chem- 
ical substances, can be the immediate cause of extrasystoles. When, 
with the onset of an acute febrile disease, extrasystoles suddenly appear 
in a patient whose heart has been regular, it is a sign that the heart has 
been injured by the infectious process. This does not necessarily indi- 
cate a serious prognosis or permanent damage to the heart. The fol- 
lowing two eases illustrate such a chain of events. 

A man twenty-three years old was taken ill with a sore throat followed by 
mild bronchopneumonia. On the fourth day of his illness one of his wrists became 
swollen, red, and tender. The following day his cardiac rhythm which had been 
completely regular became grossly irregular due to the occurrence of a great number 
of extrasystoles. This irregularity persisted a number of days, and, as it disap- 
peared, a systolic murmur became audible at the apex. The fever lasted three 
weeks, The murmur persisted during convalescence. 

A boy, aged fourteen years, had a coryza with fever for two days, On the third 
day he had a chill, and one of us was called to see him. He did not appear acutely 
ill, although his temperature was 105° F. The throat was red; the lungs were 
clear. The conjunctivae were injected. The heart was not enlarged; the heart 
sounds were of good quality; and there were no murmurs, The heart rate was 120, 
and there were many extrasystoles, which became more frequent when he sat up and 
breathed deeply. The fever persisted for five days. On the fourth day of his 
illness a fine macular rash appeared all over the body and faded in a few days. 
Reexamination a month later revealed a normal heart with a rate of 104. Slowing 
of the rate brought out rare extrasystoles both ventricular and nodal in type. 


It seems clear that in these two cases the sudden appearance of extra- 
systolic arrhythmia during an acute infection indicated toxic or inflam- 
matory myocardial involvement. In the first case, the subsequent de- 
velopment of a murmur gave further evidence that the heart was affected. 

It is interesting to note that Mackenzie,? in his book, The Study of 
the Pulse, which appeared in 1902, stated that if extrasystoles appear 
in patients with lobar pneumonia before the crisis, the case will be 
fatal. However, he did not repeat this statement in any of his subse- 
quent writings in which he always preached the innocuousness of extra- 
systoles. Gallavardin* remarked that the appearance of extrasystoles 
in the acute myocarditis of infectious disease suggests a bad prognosis; 
Campbell* believes that frequent extrasystoles occurring in patients 
with rheumatic heart disease indicate the presence of rheumatic infee- 
tion or of a seriously overworked heart; Vaquez’® states that extrasys- 
toles appearing suddenly during severe acute infectious disease should 
arouse suspicion of myocardial complications; Smith® points out that 
extrasystoles may be one of the first manifestations of cardiac involve- 
ment during acute infectious diseases; Bass’ cites a number of con- 
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vineing eases in which this sequence of events took place; and finally 
Chagas* found extrasystoles almost invariably in the eardiae form of 
trypanosomiasis. 

The conclusion seems warranted that extrasystoles occuring at the 
onset and during the course of acute infectious disease indicate cardiac 
involvement, but not necessarily irreversible cardiac damage. 

Auricular extrasystoles occurring in patients with mitral stenosis 
presage the appearance of auricular fibrillation.® 7° Cowan and Ritchie™ 
report that of thirty-two patients with auricular or nodal extrasystoles, 
seven developed auricular fibrillation, and ten died within a period of 
two years. Schwartz'* has described patients with recurrent attacks 
of auricular fibrillation, in whom each paroxysm was preceded for sev- 
eral days by premature auricular beats, first coming on singly, then in 
groups. Some of these patients had mitral stenosis; others had hyper- 
tensive heart disease with early congestive heart failure. Duclos™® has 
reported the case of a man with hypertension and coronary artery dis- 
ease who exhibited first auricular complexes of varying shape in the 
electrocardiogram, followed by auricular extrasystoles, and finally by 
auricular fibrillation. 

Thus in patients with heart disease, auricular extrasystoles may pre- 
sage the appearance of auricular fibrillation. 

Multifocal extrasystoles, that is, extrasystoles arising from different 
foci in the auricles and ventricles are usually accompanied by severe 
myocardial disease. This has been well brought out by d’Irsay,™ 
who found that patients with multifocal extrasystoles have a higher 
mortality that those in whom premature beats are unifocal and that 
extrasystoles occurring in individuals with normal hearts are always 
unifocal. The latter observation has been confirmed by Peel.2*® Gal- 
lavardin® points out that frequent polymorphous extrasystoles, espe- 
cially if they occur in short runs or if there is coupling, are a premoni- 
tory sign of ventricular fibrillation. We have observed one patient 
with multifocal auricular and ventricular extrasystoles and coronary 
artery disease who died in his sleep, without any premonitory symp- 
toms, at a time when he seemed to be doing well. Not all multifocal 
extrasystoles indicate severe myocardial disease. Raimondi’® observed a 
twenty-two-year-old woman for a period of two and one-half years dur- 
ing which she received repeated refilling of an artificial pneumothorax. 
Following each filling multifocal extrasystoles appeared, which disap- 
peared if the injected air was withdrawn. The severity of the ar- 
rhythmia paralleled the degree of filling. We have under observation 
a man, aged forty-one years, who has known of extrasystoles for seven 
years, but who has no symptoms past or present. The electrocardio- 
gram five years ago showed auricular and ventricular extrasystoles. A 
recent electrocardiogram registered only auricular premature beats. 
There is slight slurring of the QRS complex in all leads; the R-T seg- 
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ments in Lead I and II have no isoelectric interval, and there is a 
Q-wave in Lead III. Physical examination is negative. 

It has often been stated that extrasystoles appearing for the first 
time in middle-aged individuals should arouse the suspicion of coronary 
artery disease. This is too broad a generalization. At times, however, 
extrasystoles are closely linked with progressive disease of the coronary 
arteries. Recently Proger and his associates’? have shown that there 
is a group of patients with angina pectoris in whom extrasystoles appear 
shortly before the onset of pain, and disappear shortly after the cessa- 
tion of the exercise that provokes the pain, and further that the aboli- 
tion of the cardiac irregularity by the use of quinidine results in strik- 
ing increase in capacity to work without pain. Bourne,’® who made a 
eareful study of the effect of exercise on extrasystoles, found that indi- 
viduals with normal hearts or with valvular disease exhibit a diminu- 
tion in the number of extrasystoles during the deceleration period after 
exercise, but that in patients with coronary disease the extrasystoles are 
inereased in number. 

Laubry’® has pointed out that anginal attacks followed by extrasys- 
toles should be regarded seriously. We have been impressed by the 
occasional apparently significant relationship between the occurrence 
of extrasystoles and of anginal seizures. We have observed a man, aged 
forty-eight years, who for eight months exhibited constant, frequent, 
unifocal ventricular extrasystoles and who experienced typical anginal 
pain on slight effort as well as at rest during this period of time. He 
finally had a coronary artery thrombosis, following which the heart 
became absolutely regular, and the anginal attacks no longer appeared 
at rest. 

A woman, fifty-eight years old, had had diabetes mellitus for ten years and 
hypertension for seven years. Four years before she was seen, she had had an 
attack of severe precordial pain with radiation down the left arm, following which 
she was in bed for four weeks. She had had a number of minor attacks after 
that. and two months previously again experienced a major seizure. Since then she 
had had daily attacks, frequently induced by eating. Examination revealed a 
nervous woman with flushed cheeks, The lungs were clear. Fluoroscopy revealed 
moderate enlargement of the left ventricle and slight dilatation of the aorta. The 
first heart sound was of fair quality; the aortic second sound was accentuated. 
There was a systolic murmur at the apex. The heart rate was 120, and there 
were many extrasystoles. The blood pressure was 210 systolic and 110 diastolic. 
The electrocardiogram revealed slurring of the R-wave in all leads, abnormal R-T 
transitions in Leads I and II, a prominent Q-wave in Lead ITI, and many multifocal 
ventricular extrasystoles. She was observed during a number of typical anginal 
seizures. During these the pulse rate remained rapid and irregular. Ten days later 
she suffered a slow coronary occlusion, and for the following ten days the rapid ir- 
regular rate persisted. The blood pressure dropped to 118/70. She then felt quite 
well for two weeks. There were no anginal attacks, and the pulse was regular. 
Then the anginal attacks as well as the extrasystoles returned, and two days later 
she developed another coronary artery thrombosis from which she died. 
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We have records of 974 patients with coronary artery sclerosis of 
whom 53, or 5.5 per cent, exhibited extrasystoles. Of these 9 were 
auricular, 42 ventricular, and 2 nodal. Of these 53 patients 11, or 21 
per cent, have died, whereas of the 921 patients with coronary disease 
without this irregularity 96, or 10.4 per cent, have died. 

Extrasystoles are often associated with coronary artery disease and 
under such circumstances may be indicative of rapidly progressive myo- 
cardial disease. Frequent extrasystoles in patients with coronary 
artery sclerosis, particularly if they follow thrombotic closure of a coro- 
nary artery, may be followed by ventricular tachycardia or fibrillation. 
It would seem wise, in such patients, to attempt to abolish the prema- 
ture beats and to forestall the development of a fatal irregularity by 
the administration of quinidine sulphate. Five grains of the drug should 
be given three or four times a day. 

Little thought has been given to the significance of extrasystoles oc- 
eurring at rapid heart rates. It is well known that extrasystoles are 
encountered with diminishing frequency as the heart rate becomes more 
rapid and that at rates of 120 they are exceedingly rare.*° Exercise, 
by accelerating the heart, usually abolishes the irregularity. For the 
same reason extrasystoles are unusual in febrile states and in hyper- 
thyroidism. Hirshfelder** and Smith® claim that extrasystoles inecreas- 
ing with exercise indicate a weak myocardium. 

Koppang”? encountered extrasystoles in only 17 of 1,000 electrocardio- 
grams of 42 patients with diphtheria. The irregularity persisted at 
rapid heart rates and was regarded as evidence of myocarditis. Bohan** 
warns that extrasystoles occurring with heart rates above 100 are often 
indicative of myocardial disease. Esler and White,** who studied the 
prognostic significance of extrasystoles occurring at different heart rates, 
found that their appearance at increased rates does not increase the 
mortality, which is determined by the rapid heart rate alone. 

While it may be true that in these cases the occurrence of extra- 
systoles does not add to the gravity of the prognosis, we believe that 


TABLE I 


DISTRIBUTION OF EXTRASYSTOLES ACCORDING TO HEART RATE 


AURICULAR VENTRICULAR NODAL 


HEART RATE EXTRASYSTOLES EXTRASYSTOLES EXTRASYSTOLES 
| NO. | PERCENT| NO. | PERCENT) NO. | PERCENT 
30 1 

50- 59 1 2 
60- 69 3 6 6 4.8 2 40 
70- 79 14 2! 16 12.8 2 40 
80- 89 11 22 35 28.0 L 20 
90- 99 9 18 33 26.4 
100-109 4 8 15 12.0 
110-119 6 12 11 8.8 
Over 120 4 6 9 7.2 


Totals 52 126 5 
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their appearance at rapid heart rates is of real clinical significance. 
From this point of view we have analyzed the eases of extrasystolic 
arrhythmia that we have encountered during the past few years. 

We have records of 183 patients exhibiting extrasystoles who were 
seen in office practice. In Table I these are arranged according to their 
heart rates. 

Patients presenting themselves for cardiac examination as a rule are 
apprehensive, and their pulse rates are accelerated. This, undoubtedly 
accounts for the relatively rapid heart rates. Two-thirds of the cases 
of both auricular and ventricular extrasystoles occurred at heart rates 
between 70 and 100. An appreciable number occurred at rates above 
110. An analysis of these last is presented in Table IT. 


TABLE II 
CARDIAC LESIONS ASSOCIATED WITH EXTRASYSTOLES AT SLOW AND AT RAPID HEART 
RATES 
AURICULAR VENTRICULAR 
| EXTRASYSTOLES EXTRASYSTOLES 
DIAGNOSIS HEART RATE | HFART RATE oe 

| BELOW 110 BELOW | 110 

; 110 | 110 
Hypertension 8 2 
Coronary artery sclerosis 3 1 21 8 
Coronary artery thrombosis ) 2 10 3 
Rheumatic valvular disease 8 1 7 2 
Hyperthyroidism 0 1 0 1 
Acute infection 1 1 1 1 
Neurocirculatory asthenia 0 ) 5 2 
Auricular fibrillation 1 0 0 1 
Normal heart 17 2 40 0 
Totals 10 112 20 


It is striking that with normal hearts no ventricular extrasystoles 
oecurred at heart rates above 110 and that in only two instances did 
auricular extrasystoles occur at these rates (these were both in children). 

The following is a brief description of the patients with auricular 
extrasystoles at heart rates above 110: 

Two were women, aged sixty-five and forty-nine years, respectively, 
with essential hypertension and hearts that were only moderately en- 
larged and were well compensated. A forty-year-old man had numer- 
ous extrasystoles with unpleasant palpitation. Four years later with 
persistent auricular extrasystoles he developed typical angina pectoris. 
A man, aged forty-six years, had had a coronary thrombosis three months 
previously and when seen had active Graves’ disease with a basal meta- 
bolie rate of plus 62 per cent and angina pectoris. He died suddenly 
four months after a successful subtotal thyroidectomy. A woman, aged 
thirty-six years, had far advanced rheumatic valvular disease and con- 
gestive heart failure, regular rhythm, and a rate of 120. At Mount Sinai 
Hospital we observed a similar case of a woman with mitral stenosis 
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and active rheumatic carditis, who had a heart rate of 120 with auricular 
extrasystoles. A man, aged forty-two years, had rheumatic mitral steno- 
sis and insufficiency and angina pectoris. A man aged fifty-four years 
had active Graves’ disease, enlarged heart, blood pressure of 140/60, 
and paroxysms of auricular fibrillation. A girl twelve years old in the 
third week of a bronchopneumonia had many extrasystoles at a heart 
“ate of 130. There were two children with normal hearts, one aged four 
and one-half years, who had many extrasystoles when at rest with a 
heart rate of 80, and in whom the irregularity persisted when she cried 
and the rate rose to 120; and a girl aged sixteen years under observa- 
tion for four years, who had persistent auricular extrasystoles with heart 
rates from 80 to 110. 

Of the patients with ventricular extrasystoles with rapid heart rates, 
all but one of those who had hypertension or coronary artery disease 
were quite sick. One forty-nine-year-old man had had a coronary closure 
five days previously. A number had repeated anginal seizures at rest, 
and still others had gallop rhythm and congestive heart failure. Of 
those with rheumatie valvular disease, one had a far advanced valvular 
lesion with heart failure, the other had a fair ecardiae reserve. The 
patient with Graves’ disease had hypertension and an enlarged heart 
but did well after subtotal thyroidectomy. The case of the young boy 
with aeute respiratory infection has been quoted previously. Finally 
there were two patients, a woman twenty-seven years old and one thirty- 
six years old, with anxiety neurosis and symptoms of neurocireulatory 
asthenia and with hearts that were organically normal. In each the 
heart rate was 110, and there were numerous extrasystoles. 

A seventy-year-old man with myocardial fibrosis due to coronary 
artery sclerosis, with repeated attacks of paroxysmal dyspnea, on one 
oceasion immediately after an intravenous injection of 2 ¢.c. of salyrgan 
developed a mild attack of paroxysmal dyspnea with a heart rate of 
120 and many extrasystoles. At Mount Sinai Hospital we have seen not 
a few patients with myocardial failure and gallop rhythm following 
far advanced coronary artery disease who had persistent ventricular 
extrasystoles with heart rates above 110. 

Thus the great majority of patients with either auricular or ven- 
tricular extrasystoles during rapid heart rates had definite, usually ad- 
vaneed, myocardial disease. No ventricular extrasystoles were encoun- 
tered in individuals with normal eardiovascular systems and heart rates 
above 110, but two ehildren had auricular extrasystoles at these rates. 
Two patients with ventricular premature beats at rates above 110 had 
no organic heart disease but had symptoms of neurocireulatory asthenia. 
This irregularity is apparently uncommon in neurocireulatory asthenia, 
for in 352 consecutive cases ventricular extrasystoles were eneountered 
only seven times, and no auricular extrasystoles were seen. A woman 
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in the out-patient department with symptoms suggesting Graves’ dis- 
ease and a basal metabolic rate of plus 34 per cent had a heart rate of 
112 and many nodal extrasystoles. She was admitted to the hospital 
for study. Here repeated metabolism readings were normal although 
the rapid pulse and extrasystoles persisted. Thus it was concluded that 
she had no hyperthyroidism but only neurocireulatory asthenia. 

We have not encountered extrasystoles in patients with hyperthy- 
roidism except in the presence of complicating heart disease. Thus of 
eighty-two successive cases of Graves’ disease only two exhibited auricu- 
lar and one ventricular extrasystoles. In these three cases the heart 
‘ates were above 110. One patient had had coronary artery thrombosis ; 
another had essential hypertension with an enlarged heart; and the 
other had a large heart with attacks of paroxysmal auricular fibrillation. 

Some authors have suggested that ventricular extrasystoles occurring 
in patients with auricular fibrillation add to the seriousness of the prog- 
nosis.* 2° Our records of this combined irregularity are not sufficiently 
numerous to permit us to draw conclusions. 


SUMMARY 


Extrasystoles may offer valuable evidence of myocardial damage or 
strain, and their discovery should always lead to a careful eardiovas- 
cular examination and to an attempt to determine their cause. Com- 
monly they result from tobacco, coffee, or digitalis intoxication. Their 
sudden appearance accompanying an acute infectious disease indicates 
that the heart muscle has been damaged by the toxins or virus of the 
disease. Auricular extrasystoles in patients with advanced heart dis- 
ease, particularly with mitral stenosis, are usually forerunners of auric- 
ular fibrillation. Multifocal extrasystoles are usually accompanied by 
serious myocardial disease. Numerous extrasystoles occurring in pa- 
tients with arteriosclerosis of the coronary arteries usually indicate a 
progressive vascular lesion. Short runs of extrasystoles or multifocal 
extrasystoles in such patients may be followed by sudden death, due 
presumably to ventricular fibrillation. In such eases the prophylactic 
use of quinidine sulphate is indicated. Extrasystoles occurring at heart 
‘ates above 110 are usually indicative of myocardial disease. Extra- 
systoles occurring in patients with active Graves’ disease usually point 
to an accompanying cardiae lesion. Extrasystoles occurring without 
the above associations are without clinical significance. 
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THE ENERGY METABOLISM OF THE HEART IN FAILURE 
AND THE INFLUENCE OF DRUGS UPON IT* 


Howarp Peters, Pu.D., Maurice B. VisscHer, M.D. 
Cuicago, ILL, 


HE most important characteristic of any machine doing work is its 

efficiency. The heart is a machine for transforming chemical poten- 
tial energy into work in transporting blood around the circulatory sys- 
tem. The amount of energy it must expend in order to perform a given 
amount of work is of profound importance in the physiology, and espe- 
cially in the pathological physiology, of the heart. To relate changes in 
the functional capacity of the heart to alterations in a physical property, 
its efficiency in converting energy into work, represents an advance in 
our conceptions of cardiac physiology. To be able to analyze and eval- 
uate the effect of chemical agents upon the myocardium in terms of their 
effect upon the efficiency of the heart would seem to represent a further 
advance. In this investigation the energetics of heart muscle have been 
studied under various conditions. Some new light has been thrown on 
the changes occurring in eardiae failure in the heart-lung preparation, 
which changes are presumably similar to those in failure in the intact 
organism. The mechanism of the beneficial action of certain important 
cardiae drugs has been demonstrated, and a method has been developed 
which should be generally useful in evaluating drug action in terms of 
a physiological action. 

METHODS 


The energy liberated and work performed by the heart in a modified 
Knowlton and Starling’ heart-lung preparation were measured. The 
oxygen consumption of the preparation was determined by the closed 
system spirometer method following Visscher and Mulder.? The ar- 
‘angement of apparatus (Fig. 1) is essentially that of the usual heart- 
lung preparation in an entirely closed system. The heart and lungs are 
completely isolated from the body of the dog and inclosed in an air- 
tight glass cylinder connected by large rubber tubing to an oxygen 
spirometer and the venous reservoir. This continuous air system affords 
automatic compensation for changes in the gas and fluid content of the 
lungs. The system is kept at constant temperature in a large bath ad- 
justed to 37.5° C. A cardiometer, clamped rigidly in place in the glass 
chamber and connected to a large tambour, was used for recording ven- 
tricular volume. 
eu the Department of Physiology, College of Medicine, University of Illinois, 
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The apparatus was tested occasionally with a rubber lung. More than 
an entirely negligible decline of the oxygen spirometer tracing was never 
observed. The apparatus was also tested by measuring the oxygen con- 
sumption of the lungs following arrest of the heart. 

The aortic blood pressure was recorded continuously by mereury man- 
ometer connected by side tube to the cannula in the brachiocephalic 
artery. The ventricular volume was measured continuously by the 
method used by Starling and Visscher,*® except that a rubber tambour 
system of small air volume but large diaphragm diameter (12 em.) was 
substituted for the piston recorder. Only the maximum diastolic volume 


Ine 


7O MERCURY 
MANOMETER 


Fig. 1—A, oxygen spirometer; B, respiration pump; C, artificial resistance; D, 
pressure bottle; H, Stromuhr; F, venous reservoir; G, cardiometer; H, constant 
temperature bath; J, stopcock for adjustment of venous return; K, tracheal cannula. 


is considered in these studies, and this is the quantity most accurately 
recorded with the system used because the filling of the ventricle is 
slower and therefore more faithfully recorded than the ejection. In the 
latter there is considerable overthrow because of the inertia of the sys- 
tem. The inertia is less with the tambour than with the piston system. 
The ealibration of the volume-recording system was performed after 
each experiment with the heart in the eardiometer. This is absolutely 
essential since the volume of air in the system determines the sensitivity 


of the device. 
Oxygen consumption, arterial pressure, and ventricular volume were 
continuously recorded while rate and volume output were determined 
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at frequent intervals. The ventricular volume was controlled, when 
desired, by adjustment of the venous return. 

Unless otherwise indicated, our figures for oxygen consumption are 
corrected for lung metabolism by subtracting 20 per cent of the initial 
consumption. This correction is admittedly rough, but, since relative 
rather than absolute values for efficiency are employed in whatever con- 
elusions are drawn, no error should result. Total energy liberation is 
estimated on a basis of 5 ealories per cubic centimeter of oxygen at 
standard conditions of temperature and pressure. Again, since we are 
interested in changes in oxygen consumption and efficiency rather than 
in absolute values, the exact value of the ealorifie equivalent of oxygen 
would be of no importance unless large changes in R. Q. occurred. We 
assume that there were no such changes. 

The external or systemie work of the preparation is caleulated from 
the expression, W = 1.35 PV + 1.06 zt} where W is the sys- 

2¢ \3A 
temic work done by the heart in gram-centimeters per minute, P is the 
mean arterial pressure in millimeters of mereury, V the volume output 
in cubie centimeters per minute, v the output in cubie centimeters per 
second, A the cross-section area of the cannula in square centimeters, 
and g the acceleration of gravity. 

The external or systemic efficiency is the ratio of the external work to 
the energy equivalent of the oxygen consumption. It does not neces- 
sarily reflect changes in the condition of the muscle since the external 
efficiency may be affected by changes in the pulmonary and coronary 
circulations. The significance of changes in external efficiency must, 
therefore, be evaluated with some caution. If changes are small, con- 
clusions regarding variations in the condition of the muscle may not be 
justified. Frequently, however, the changes observed are so large and 
the effects of the experimental conditions on the coronary and pulmonary 
vessels so well established that definite conclusions of fundamental sig- 
nificance for the eardiae muscle fiber may be drawn. Only such changes 
are here considered. 


A. THE CHARACTERISTICS OF THE FRESH HEART 


The description of the potential metabolic activity and mechanical per- 
formance of a heart at any instant involves a complex series of relation- 
ships. As the ‘‘physiological condition’’ of the heart changes under 
physical or chemical influences, a whole set of characteristic relations 
change, frequently rather rapidly. Since in the nearly normal or fresh 
heart a given condition can be maintained long enough for thorough 
investigation of one or several relations, we are able to arrive at a fairly 
complete description of its working properties. Our present knowledge 
of those properties and relations quantitatively characteristic for each 
heart includes average values for oxygen consumption and efficiency, and 
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various relationships between fiber length, work, total energy liberation, 
efficiency, temperature, and rate. 

The average oxygen consumption of the frog heart has been estimated 
at 1.7 e.e. per gram of heart per hour at 18° C. by Weizsicker* and 
1.0 ¢.e. at 13° C. by Clark and White.® In the mammalian heart, values 
of 2 to 5 ¢.e. in eats and rabbits were obtained by Rohde.* In the dog 
Evans’ found from 3.5 to 6 ¢.e. Clark and White have shown that if in 
the myothermie measurements of the initial heat liberated by the beat- 
ing frog’s heart, reported by Fischer,’ it is assumed that the total energy 
is 2.1 times the initial energy liberated, values are obtained consistent 
with the oxygen consumption measurements. 

The maximum efficiency reported by Weizsicker® is 36 per cent, but 
this value is too high as he used 3.5 ealories as the equivalent of 1 ¢.e. 
of oxygen. Clark’s’® highest value for frog and turtle auricles is 20 per 
cent. His average value for the theoretical maximum efficiency is 40 
per cent. The efficiencies estimated by Fischer are in fair agreement. 
In the mammalian heart the maximum efficiencies found by Rohde" 
were from 25 to 30 per cent. In dog heart-lung preparations perfused 
with blood the maximum efficiencies obtained by Evans and Matsuoka’? 
were about 20 per cent. 

The work, total energy liberation, and efficiency of the heart vary 
within wide limits depending on the physical conditions under which it 
works. Rohde*® observed parallel variations in the work and oxygen 
consumption of the hearts of eats and rabbits, and showed"! that work, 
oxygen consumption and efficiency increased with the initial filling of 
the ventricle. In normal hearts he was able, under restricted conditions, 
to demonstrate a parallelism between the oxygen consumption and the 
product of rate and isometric pulse pressure. In the frog heart the 
dependence of work and oxygen consumption upon the initial filling 
was noted by Weizsicker. 

Since the heart is elastic and distensible, it was necessary to determine 
whether the inereased contractile energy is due to increased initial 
length or increased initial tension. Blix'® and Hill’ that for 
skeletal muscle, initial length determined energy liberation over a cer- 
tain range of lengths since considerable changes in contractile energy, 
heat production and initial length oceur with only slight changes in 
initial tension. The dependence of the work of the heart upon initial 
fiber length was demonstrated by Patterson, Piper, and Starling,’® who, 
in heart-lung preparations, showed that the heart responded to increased 
arterial resistance or venous inflow with an increase in diastolic volume 
and that, under certain experimental conditions, this adjustment was 
made, not with an inereased, but with a decreased initial tension. These 
experiments also indicate the necessity of direct measurement of the 
diastolic volume since reliance cannot be placed upon the filling pressure 
alone as its determinant. Evans and Matsuoka’ found that the oxygen 
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consumption increased with the work of the heart but could demonstrate 
only a rough correlation between the diastolic volume and the total 
energy liberation on account of an inadequate method of measuring 
ventricular volume. Using improved methods, Starling and Visscher* 
showed for the first time that under widely varied conditions, including 
spontaneous failure, the oxygen consumption of the mammalian heart 
is an approximately linear function of the diastolic volume as long as 
rate, temperature, and chemical environment remain constant. This has 
been confirmed for the normal mammalian heart by Hemingway and 
Fee’® and for the normal cold-blooded heart by Clark and White,® 7° 
Eismayer and Quincke,’’ and Decherd and Visscher.'* Stella’® has sub- 
mitted evidence to show that in the turtle heart the oxygen consump- 
tion and work increase with arterial resistance at constant diastolic 
volume. This relation was not confirmed by Decherd and Visscher, 

It is generally agreed that within physiological limits the mechanical 
efficiency of cardiac muscle increases with the work of the heart (Weiz- 
sicker,’ Rohde,'! Evans and Matsuoka,?? Starling and Visscher,* Riihl?°). 
Gremels”* found, however, that the efficiency did not increase when in- 
creases in work were due to aortic pressure changes, An analysis of his 
protocols shows that this effect was associated with spontaneous failure 
during the time required for the measurements. 

When the load imposed on the heart exceeds optimal limits, the heart 
continues to dilate (Patterson, Piper, and Starling,’® Starling and Vis- 
scher*), the oxygen consumption continues to rise with increased initial 
fiber length (Starling and Visscher) and with increased load (Evans 
and Matsuoka) while the work output of the heart falls (Patterson, 
Piper, and Starling, Starling and Visscher, Evans and Matsuoka). The 
same response to excessive loading is found in the turtle heart (Decherd 
and Visscher**). It has recently been shown (Smith?*) that the behavior 
of skeletal muscle is entirely consistent with these findings when the 
total metabolism, resting plus activity, is taken into account. 

The energy metabolism of the heart is modified by changes in rate. 
In the frog heart Weizsicker* and Clark and White,’ using constant 
filling pressures, which probably kept initial tension constant except at 
high rates, found that for moderate -rates the excess oxygen consump- 
tion above the resting level per beat is approximately constant. Their 
finding of a decreased excess oxygen consumption per beat at higher 
rates is probably due to a diastolic period too short to permit equilibrium 
with the filling conditions. Hence at higher rates the diastolie ventricu- 
lar volume must have been reduced. The decrease in the volume output 
per beat at the higher rates also indicates a decreased initial fiber length. 
In the heart-lung preparation when the diastolic volume is kept constant, 
an increase in rate is accompanied by a less than proportional increase 
in the total oxygen consumption (Starling and Visscher). This is in 
agreement with the work on the cold-blooded heart for moderate rates. 
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If the work of the heart is kept constant, a decrease in rate is as- 
sociated with an increased efficiency (Starling and Visscher). 

Under varying conditions the work of the heart is limited by several 
factors. In heart-lung preparations in good condition the work output 
is limited by the pericardium (Evans and Matsuoka'?). When this is 
removed, further loading increases the work of the heart until a maxi- 
mum is reached beyond which the work of the heart falls off. The dias- 
tolie volume and oxygen consumption continue to increase, however, 
while the efficiency drops (Starling and Visscher,* Decherd and Vis- 
scher’*). It is probably true that under pathological conditions the work 
of the heart may be limited by the oxygen supply to the muscle fiber, 
but this is certainly not the ease when a normal heart is excessively 
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Fig. 2.—Spontaneous failure at constant external diastolic volume. 


B. SPONTANEOUS FAILURE OF THE HEART 


Failure of the heart is characterized by a decrease in capacity for do- 
ing work at a given diastolic volume (Starling**). This might be due to 
a falling off of total energy liberation, a decrease in efficiency, or both. 
In cold-blooded hearts, perfused with balanced ion solutions, at constant 
initial tension, Bodenheimer** found a parallel decrease of oxygen con- 
sumption and the product of rate times isometric pulse pressure in 
spontaneous failure, and Clark and White,?»** and Eismayer and 
Quincke** observed a decreased oxygen consumption as well as a de- 
ereased work output. Under the same conditions except for the presence 
of serum in the perfusion fluid, Clark and White found that failure in 
the frog’s auricle was due entirely to efficiency loss. Similarly, Decherd 
and Visscher,?* who perfused turtle ventricles with a mixture of blood 
and Ringer’s fluid, found that in failure work decreased markedly at 
constant diastolic volume and oxygen consumption. 
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In mammalian hearts Rohde® and Riihl®® noted a decrease in work 
and in oxygen consumption, a rise in initial tension, and the development 
of cardiac edema. Evans and Matsuoka’® and Gremels”! found that 
spontaneous failure was due to diminished efficiency with increased 
oxygen consumption. Daly and Thorpe,*® who used the method of 
Barcroft and Dixon*' with a heart-oxygenator preparation, observed de- 
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ereased efficiencies in two experiments on spontaneous failure. The 
oxygen consumption increased in one experiment and decreased in the 
other although there seemed to be no dilatation in either ease. Accord- 
ing to Starling and Visscher, the linear relation between oxygen con- 
sumption and diastolic volume was constant during the course of failure 
in their experiments. 
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Our methods of measuring oxygen consumption made it possible to 
study failure under a greater range of conditions than did Starling and 
Visscher, who were forced to discard experiments showing any trace of 
At the same time the inaccuracies of Riihl’s arterio- 


pulmonary edema. 
The course of failure 


venous oxygen difference method were avoided. 
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in nine hearts in which the external diastolic volume was kept constant 
by adjustment of the venous return is shown in Figs. 2, 3, 4, 5, 6, 7, 8, 10 
and 11. 
entirely responsible for the decrease in working capacity. 
experiments, not suitable for graphic presentation because of incomplete 
volume control or excessively rapid failure, the oxygen consumption for 


It will be seen that in most cases loss of efficiency was almost 
In two other 
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a given external diastolic volume decreased. In the experiment of April 
6, 1934, the oxygen consumption decreased 30 per cent in sixty-five 
minutes. The control of the diastolic volume was uncertain. In the 
experiment of Feb. 9, 1935, following a period of failure due to loss of 
efficiency alone, the oxygen consumption dropped 14 per cent in eleven 
minutes at constant external diastolic volume. 

However, the demonstration that the oxygen consumption in failure 
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Fig. 7.—Spontaneous failure at constant external diastolic volume. 
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Fig. 8.—Spontaneous failure at constant external diastolic volume. 


may decrease at a given diastolic volume, as measured by a cardiometer, 
does not prove that the oxygen consumption is not a function of fiber 
length. Changes in external diastolic volume reflect accurately changes 
in the mean diastolic volume and mean fiber length only if the volume 
of the myocardium itself remains constant. This factor must not be 
neglected, for, according to Riihl,?® edema of the heart is the funda- 
mental change in spontaneous failure. 
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An attempt has been made to estimate the effect of the hydration of 
the heart, which sometimes occurs in these experiments, on the mean 
diastolic volume when the external diastolic volume is maintained con- 
stant. A buret partly filled with water was connected to an air chamber 
in connection with the rubber tubing between the cardiometer and the 
recording tambour, <A reference point corresponding to the volume of 
the myocardium was obtained by shutting off the venous return, cutting 
out the arterial resistance, clamping off the arterial tubing, and then 
drawing blood from the heart by means of a syringe connected to a side 
tube in the manometer tubing until it was no longer possible to reduce 
the pressure in the cardiometer system; the pressure was then adjusted 
to correspond to a reference line on the kymograph paper by adjust- 
ment of the water level in the buret, which was read. Successive read- 
ings made in this way indicate the change in the volume of the myo- 
eardium. The hydration during an experiment may amount to 20 ee. 
per 100 grams of final ventricular weight (Fig. 9). 
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Fig. 9.—Hydration of the heart in spontaneous failure. 


This degree of hydration will explain a considerable decrease in 
oxygen consumption at constant external diastolic volume. The most 
striking decrease observed by us was 19.6 calories per minute in the ex- 
periment of June 28, 1934 (Fig. 8). As the dog weighed 12 kg., the final 
weight of the heart was probably about 90 gm. (estimated from experi- 
ments in which the heart was weighed). Hydration, at 20 ¢.c. per 100 
gm., would cause the volume of the myocardium itself to increase 18 ¢.e. 
in this preparation; and since the external diastolic volume was kept 
constant, the internal diastolic volume would decrease 18 ¢.c. and the 
mean diastolic volume would be reduced by 9 ¢.c. Since the metabolism 
of this preparation was very high, we have used the highest value of 
Starling and Visscher, 2 calories per minute per cubic centimeter (their 
Fig. 6), in estimating the reduction in oxygen consumption correspond- 
ing to this change in mean diastolic volume. This calculation gives 
9 x 2 = 18 ealories per minute, which substantially accounts for the ob- 


served decrease of 19.6 calories per minute. 
While we have demonstrated that, under conditions favoring pulmo- 
nary and cardiae edema, the oxygen consumption of the spontaneously 
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failing heart may decrease at a constant external diastolic volume, we 
have no reason to believe that the total energy liberation decreases at 
constant fiber length. If, however, edema of the heart is so severe that 
the oxygen supply to the fibers becomes inadequate, it is to be expected 
that the oxygen consumption might decrease even at constant fiber 
length. This seems to be what may have happened in some of the ex- 


periments of Riihl. 


C. THE INFLUENCE OF CHEMICAL FACTORS AUGMENTING FAILURE 


Riihl’® found that in failure due to histamine the oxygen consump- 
tion is decreased in spite of marked cardiae dilatation, as indicated by 
the rise in intra-auricular pressure. Since our experiments on spontane- 
ous failure are at variance with those of Riihl, it seemed desirable to 
repeat his experiments on histamine insufficiency. In our experiments 
(Table I), in spite of some dilatation due to incomplete volume control, 
the oxygen consumption decreased, and this decrease cannot be fully 
accounted for by the change in rate. However, the effect lasts only five 
or six minutes and is followed by virtual recovery of normal oxygen 
consumption. This was apparently not observed by Riihl. The results 
of Riih] on spontaneous failure are probably due to the marked hydra- 
tion he states that he obtained rather than to experimental errors, large 
as those may have been. 

TABLE I 


EFFECT OF HISTAMINE ON ENERGY EXCHANGES IN THE HEART 


DIAS- OXYGEN- VOLUME 


SAGE  TOLIC cons. EFFI 
MENT VOLUME (CAL./ (C.0,f 
(c.c.) MIN. ) MIN. ) 
6/4/35 0.002 gm, Control 148 x 34.7 517 4.70 
After H 124* x+30 22.4 307 3.93 
6/5/35 0.0005 gm. Control 136 x 21.0 446 6.94 
After H 115 x+6 10.6 182 5.07 


*Trregular, 


The barbiturates, numal, somnifen, and pernocton, as well as avertin, 
produce, according to Riihl,?° failure entirely analogous to his histamine 
effects. Since this type of failure occurs spontaneously in his prepara- 
tions, the experiments do not seem to be well controlled. Although we 
have not adequately studied other types of barbiturate failure, we find 
that failure produced by sodium amytal in small doses is entirely due to 
loss of efficiency (Table II). The effect oceurs two or three minutes 
after injection and cannot be due to spontaneous failure. 

The injection of parathyroid extract in suitable doses into the cireula- 
tion of heart-lung preparations is followed by an increase in rate, a 
slight decrease in diastolic volume and a definite increase in the oxygen 
consumption rate. As the volume output is diminished or unchanged, 
the efficiency decreases (Table III). The oxygen consumption values 
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TABLE IT 
EXPERIMENT OF APRIL 4, 1935 


EFFeEcT OF 0.020 Gm. SopItumM AMYTAL ON ENERGY EXCHANGES IN THE HEART AT 
CONSTANT EXTERNAL DIASTOLIC VOLUME 


OXYGEN CONS. VOLUME OUTPUT EFFICIENCY ‘| PER CENT DE-— 
(CAL./MIN. ) (C.C./MIN. ) PER CENT CREASE IN 
GONTROL | AFTER S. A.| CONTROL | AFTER S. A.| CONTROL | AFTER S.A.| EFFICIENCY 
24.7 25.0 667 429 8.97 5.18 | 42 


of Table III are not corrected for lung metabolism. The increases in 
oxygen consumption cannot be explained by the rate changes. As the 


TABLE IIT 


EFFECT OF PARATHORMONE ON THE ENERGY METABOLISM OF THE HEART 
OXYGEN VOLUME EFFI- 
DOSAGE RATE CONS. OUTPUT CIENCY 

(CAL./MIN.)(C.C./MIN.) PER CENT CIENCY 
1/27/33 +920 U. Control 135 39.4 375 3.52 
After P 138 44.0 366 3.06 12.9 
1/27/33 20 U. Control 140 41.5 385 3.44 
After P 144 45.0 375 3.00 10.0*+ 
1/28/33 40 U. Control 116 60.1 333 1.94 
After P 136 67.5 333 1.72 11.2 
2/21/33 20 U. Control 88 (x2) 78.5 500 2.43 
After P 98 (x2) 86.8 441 1.92 21.0+ 
2/27/33 20 U. Control 77.0 667 3.38 
After P 83.8 667 3.12 13% 
2/ 2/33 20 U. Control 100 (x2) 36.8 423 4.15 
After P 111 (x2) 35.9 308 3.01 27.5¢ 
3/28/33 20 U. Control 112 53.6 375 2.28 
After P 128 73.3 349 1.54 32.5* 
3/27/33 20 U. Control 112 38.3 500 4.35 
After P 118 42.3 500 3.95 9.2* 


*After CaClo. 
tIrregular heart, 


decrease in diastolic volume is transient, the initial fiber length during 
the experimental period may be assumed to be hardly different from 
the control. It, therefore, seems likely that parathyroid extract pro- 
duces an increase in total energy liberation at a given fiber length in- 
dependently of the rate changes. 

Failure due to cardiac drugs may be produced by certain reputed 
‘‘eardiae tonies’’ while others apparently exert no direct action on the 
heart at all. In a few experiments it was found that homocamphin was 
without effect, metrazol produced either no effect or a slight one due to 
an increase in rate, and myorgal and coramine both caused dilatation 
with an unchanged or diminished volume output and decreased effi- 
ciency. Most of the experiments on coramine were performed on irregular 
hearts following injection of drugs of the digitalis series, but two (Table 
IV), in untreated and slightly hypodynamie hearts, show clearly the 
metabolic effects of the drug. The decrease in the work output is en- 


| 
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tirely due to loss of efficiency. This drug cannot be looked upon as a 
cardiac tonic, which it is claimed to be, since in doses that produce any 
effect at all there is loss in eardiae efficiency. 


TABLE IV 


EXPERIMENT OF May 17, 1935 
EFFECT OF 0.25 C.c. CORAMINE (25 PER CENT SOLUTION) ON ENERGY EXCHANGES IN 
THE HEART 


“DILATATION | OXYGEN CONS. VOLUME OUTPUT EFFICIENCY 
DUE TO C. (CAL./MIN.) (c.C./MIN. ) PER CENT 
C.C. | CONTROL | AFTER C. | CONTROL | AFTER C. | CONTROL | AFTER C._ 
3.0 37.5 40.2 500 460 4.01 3.40 
2.5 36.0 37.9 558 548 4.85 4.52 


D. PHYSIOLOGICAL ANALYSIS OF CARDIAC ‘‘TONICS’’ 


In recovery from eardiae failure the heart’s capacity for doing work 
at a given diastolic volume is inereased. This increase is the result of 
changes in total energy liberation and mechanical efficiency. When re- 
covery is due to the action of chemical substances, the efficiency changes 
eannot be predicted from the external diastolic ventricular volume al- 
terations and the work of the heart, as has been assumed by those 
(Bodo*? and others) who have not attached sufficient significance to the 
statement of Starling and Visscher that the oxygen consumption is a 
function of diastolic volume when the chemical environment of the 
muscle fiber as well as certain other variables are maintained constant. 
It will be seen that the marked eardiae actions of adrenalin, calcium, 
and the glucosides of the digitalis series are associated with changes in 
total energy liberation, as well as efficiency, at constant external diastolic 
volume. 

Adrenalin increases the oxygen consumption of the heart at a given 
diastolic volume independently of frequeney changes. Rohde and 
Ogawa* found that the increase in oxygen consumption due to adrenalin 
was proportional to the change in the isometric pulse pressure-pulse rate 
product. In the heart-lung preparation Evans and Ogawa** observed 
that the increased respiratory metabolism is roughly proportional to 
the increase in rate. Starling and Visscher* stated briefly that adrenalin 
increases the oxygen consumption at a given fiber length. Gremels,?" 
using the method of Starling and Visscher, found a marked inerease in 
oxygen consumption due to adrenalin, only a small fraction of which 
an be explained by the minimal rate change. Since the diastolic volume 
must have decreased in his experiments, the increased total energy lib- 
eration at a given fiber length is certain. The efficiency decreased inas- 
much as the work output was not significantly changed. From the evi- 
dence at hand it appears that if the diastolic volume is uncontrolled, 
adrenalin will not inerease the efficiency of the heart unless it is so 
weakened that its output before adrenalin injection is very low at a con- 
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siderable filling pressure. A measure of cardiac action independent of 
filling conditions may be obtained by keeping the diastolic volume con- 
stant by adjustment of the venous return. Studies of efficiency changes 
produced by adrenalin under these conditions are lacking. 

The influence of calcium ions on the oxygen consumption of the frog’s 
heart has been studied by Clark and White,” *° who found that, with 
inereasing calcium ion concentration, the mechanical response and the 
oxygen consumption both rise. Eismayer and Quincke* reported that 
ealeium lack reduced the oxygen consumption but increased the efficiency 
of the frog’s ventricle. One would expect from the work of Clark and 
White*® that the efficiency would be reduced by lowered calcium ion con- 
centrations. 

In the heart-lung preparation, when the venous return is not con- 
trolled, administration of caleitum markedly increases the output and 
efficiency of hypodynamie hearts but has little effect on these variables 
in fresh hearts (Peters, Rea, and Visscher**), When the external dias- 
tolie ventricular volume is maintained constant, oxygen consumption 
and efficiency are both increased. The average percentage increase in 
efficiency (external) of 75 per cent must be due to a definite increase in 
the efficiency of the muscle (Table V). 

The metabolic effects of glucosides of the digitalis series on the heart 
have received considerable attention, but the results are conflicting, 
partly because of inadequate methods and partly because of failure to 


TABLE V 


EFFECT OF CALCIUM ON ENERGY LIBERATION AND EFFICIENCY OF HYPODYNAMIC HEART 
AT APPROXIMATELY CONSTANT EXTERNAL DIASTOLIC VOLUME 


PER CENT 


DIASTOLIC] |PER CENT 

. VOL. OXYGEN CONS. INC. IN EFFICIENCY INC. EF- 
MENT CHANGE (CAL./MIN. ) | 0, CONS. PER CENT | FICIENCY 

(c.c.) | CONTROL | AFTER Ca] RECTED | CONTROL AFTER Ca| RECTED 
4/ 6/3 0.2 32.9 453 4.52 7.97 

4/13/34 —1.1 45.4 55.6 28 2.80 5.42 85 


control the diastolic ventricular volume. In the frog’s heart Gottschalk* 
found that g-strophanthin (ouabain) decreased the oxygen consumption 
and the work output at a constant, high filling pressure. In the same 
preparation Eismayer and Quincke* observed an increased oxygen con- 
sumption with doses of strophanthin (Kombé) that produced no change 
in work output and, with larger doses, decreased oxygen consumption, 
work output, and efficiency. In the mammalian heart Rohde and Ogawa** 
found that, at approximately constant diastolic volume, strophanthin 
increased the oxygen consumption proportionately to the change in the 


isometric pulse pressure-pulse rate product without change in the utiliza- 
tion of the total energy liberated. The marked change in oxygen con- 
sumption may be related to the use of Ringer-Locke solution as the 
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perfusion fluid. In the experiments of Riihl and Wiehler** in which, 
unfortunately, the diastolic volume was uncontrolled, the oxygen con- 
sumption increased in the majority of experiments, and, on the average, 
there was no change in efficiency. Gremels,”! using the method of Star- 
ling and Visscher, but without controlling ventricular volume, found a 
decreased oxygen consumption and an increased efficiency in hearts 
treated with strophanthin and lanadigin. 

It is obvious that definite and significant. results could be obtained 
only if the diastolic ventricular volume were maintained constant. The 
effects of glucosides of the digitalis series on the oxygen consumption and 
external efficiency of the heart under these conditions are summarized in 
Table VI. The changes recorded represent the maximum effect of the 
drug before irregularities occurred. They are probably an index of the 
maximum therapeutic action under the conditions used. 


TABLE VI 


EFFECT OF GLUCOSIDES OF THE DIGITALIS SERIES ON ENERGY EXCHANGES IN THE 
HEART AT CONSTANT EXTERNAL DIASTOLIC VOLUME 


| OXYGEN | INC. | VOLUME 


EXPERI- | DRUG USED (CAL./MIN.) | cons.| (c.c./min.) | PERCENT | EF- 
CON- | AFTER | | CON- |AFTER| ¢ ON- |AF PER CENT 
TROL | DRUG | CENT | pROL | DRUG | TROL | DRUG 
6/16/33 |Scillaren 23.2 | 41.0 | 77 | 333 | 1200 | 4.61 | 14.00} 204° 
| 0.0002 gm. 
6/ 3/33 |Scillaren-B 39.2 | 50.0 | 42 | 739 | 1428 | 7.56 | 16.00} 112t 
0.000125 gm. | 
2/ 9/35 |Sceillaren-B 31.9 | 48.4 | 52 242 | 715 | 2:23 | 5.36 140} 
| 0.00025 gm. 
3/15/35 |Scillaren-B 42.7 | 49.6 16 286 | 666 1.84 | 4.65 153} 
| 0.0002 gm. 
3/23/35 |Ouabain | 32.6 | 48.1 48 500 969 | 5.58 | 8.90 | 60t 
| 0.000125 gm. | | | 
4/ 6/35 |Ouabain | 96.2 | 30.8.| 18 400 | 750 | 4.45 | 8.46 90t 


| 0.0001 gm. 
5/24/35 | Digilanid | 34.0 | 39.7] 17 | 625 | 968 | 5.88 | 9.60 634 
0.0012 gm. | 
*Following injection of ethyl aicohol. 
+Following injection of ethyl alcohol and calcium. 
tIn the spontaneously hypodynamic heart. 


In all of these experiments both the total energy liberation and the 
external efficiency are definitely increased. The changes in external 
efficiency are far too large to be due to changes in the coronary or 
pulmonary circulations. They reflect an inerease in true myocardial 
efficiency. 

The quantitative differences between the changes in oxygen consump- 
tion seem to be related to the type of failure preceding administration 
of the drug. In general, the oxygen consumption is markedly increased 
in recovery when failure was associated with a decrease in the total 
energy liberation at a given external diastolic volume. Thus, in experi- 
ments following administration of alcohol, which experiments in this 
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laboratory have shown decreases the oxygen consumption at constant 
diastolic volume, the oxygen consumption rises 42 per cent or more. In 
the experiments of Feb. 9, 1935, and of March 23, 1935, failure was 
accompanied by a considerable decrease in oxidative metabolism. Of the 
three experiments in which the increase in oxygen consumption was 18 
per cent or less, failure was due in the experiment of April 6, 1935, 
entirely to efficiency loss, and in the other two failure was slight and 
not followed for a sufficiently long time to permit classification. In three 
experiments, in which the external diastolic volume was well controlled 
continuously, the course of failure and recovery is indicated in Figs. 10, 
11, and 12. The relative significance of changes in oxygen consump- 
tion and external efficiency in recovery from different types of failure 


is well illustrated. 
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Spontaneous failure and recovery due to ouabain at constant external 


Fig. 10. 
diastolic volume. 


It might be expected that recovery from failure due to histamine 
would exhibit a large increase in oxidative metabolism. This was true 
in an experiment (Table VII) with strophanthin (Kombé), in which the 
oxygen consumption increased 60 per cent, although the external dias- 
tolic volume decreased. This experiment confirms Riih] and Wiehler.** 


TABLE VII 
EXPERIMENT OF JUNE 5, 1935 
Errect oF 0.00025 GM. STROPHANTHIN (KOMBE) ON ENERGY EXCHANGES IN THE 


HEART 
OXYGEN CONS. be 7 VOLUME OUTPUT EFFICIENCY | gong 
CAL./MIN. C.c./MIN. PER CENT 
( / ) _| cons. ( / CIENCY 
CONTROL | AFTER S.|} PER CENT CONTROL | AFTER S.| CONTROL | AFTER s.| PER CENT 
18,2 29.3 61 208 500 3.46 5.63 | 63° 


*Following histamine failure. 
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The change is probably related to a change in heart muscle hydration, 
as indicated above. 

The various ecardiae glucosides have actions which differ in the rate 
at which they take effect and the time of onset of irregularities of 
rhythm. These properties will undoubtedly influence the relative clini- 
eal usefulness of the different agents, and we do not suggest that our 
findings on the maximum efficiency changes are all that should be taken 
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Fig. 11.—Spontaneous failure and recovery due to ouabain at constant external 
diastolic volume. 
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Fig. 12.—Effect of scillaren-B at constant external diastolic volume. 


into account in evaluating the usefulness of the several substances. Our 
main object in this study of the digitalis series of glucosides has been to 
determine whether they do or do not increase the efficiency with which 
the heart muscle is able to perform work. In every instance, among the 
clinically useful glucosides employed, there was an unmistakable increase 
in efficiency, along with a variable increase in energy liberation. The 
latter may be due to changes in hydration of the myocardium, but the 
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eéhanges in mechanical efficiency are independent of that question. These 
drugs make the heart more economical in its utilization of energy and 
are therefore conservative in their effect. 

The heart-lung preparation is probably not suitable for the final 
evaluation of the clinical usefulness of every type of cardiac tonie, but 
it should be very useful in estimating comparative values of agents with 
essentially similar mechanisms of action. It should also be useful in 
distinguishing those substances with no beneficial, or actually harmful, 
actions from those which increase efficiency, the true cardiae tonies. 
Previous pharmacological assay of such drugs as digitalis has been on 
the basis of the toxicological action. There is no assurance that the 
lethal properties are in constant ratio to the useful ones. It would seem 
to be more reasonable, at least in the trial of new agents, to measure their 
action upon the essential physiological mechanism for which they are to 
be employed, namely, in this case, upon the increase in work-eapacity of 
the heart. This emphasis upon the conception of the heart as a working 
machine with variable efficiency, which should be kept at the highest 
level practicable, appears to be significant. 


SUMMARY 


The failing heart has been shown to suffer first simply from a decrease 
in mechanical efficiency. The energy liberated at a given external dias- 
tolie volume remains the same, only the proportion which can be put to 
useful work falls off. There is in some instances in severe failure a de- 
crease in the oxygen consumption of the heart held at constant external 
diastolic volume. The hydration of the myocardium under such cireum- 
stances has been measured and found to be sufficient to account for the 
falling off in energy liberation on the basis of the decrease in true mean 
fiber length when external volume only is kept constant. It is con- 
sequently still unnecessary to alter the generalization that initial fiber 
length governs energy liberation in the failing as well as in the normal 
heart, when chemical conditions are kept constant. 

The importance of the concept of the heart as a machine, doing work, 
with variable efficiency, has been stressed. Insufficient attention has been 
given in the past to the concept of efficiency in the physical sense as a 
eriterion of the condition of the heart muscle. These studies appear to 
prove that myocardial failure consists, in essence, of an alteration of the 
energy-utilizing and not the energy-liberating mechanism. The machine 
is able to liberate energy, but it is unable to put it to useful work. The 
correction of this defect should be the physiological objective in the 
treatment of myocardial failure. 

The effects of several substances upon the heart muscle have been 
tested from this point of view. Histamine in effective doses decreases 
the oxygen consumption of the heart-lung preparation in spite of dilata- 
tion. This effect is associated with and presumably due to hydration. 
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Cardiac failure following administration of sodium amytal is due en- 
tirely to a decrease in efficiency at constant external diastolic volume. 
Parathyroid extract increases the oxygen consumption and decreases the 
external efficiency of the heart. Several reputed cardiac tonics have 
little or no direct beneficial action on the heart. Coramine produces, 
instead, dilatation with decreased output and efficiency. Calcium in- 
creases the oxygen consumption and efficiency of the heart muscle at 
constant external diastolic volume. Glueosides of the digitalis series 
have the same action as calcium, but the maximum effect is delayed. 

It has been pointed out that these studies on the digitalis glucosides 
are significant chiefly in elucidating the mechanism of their action, but 
that a physiological rather than a toxicolegical assay of such substances 
has certain virtues. The methods employed in this study might prop- 
erly be used in the study of the beneficial action of new agents on the 
failing heart. 
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A RADIOLOGICAL STUDY OF THE PULMONARY ARTERY, 
WITH SPECIAL REFERENCE TO THE MAIN BRANCHES* 


JOHN B. ScHWEDEL, M.D., New York, N. Y., AND 
BERNARD S. Epstern, M.D., Brookiyn, N. Y. 


ADIOLOGICAL visualization of the pulmonary arteries has not re- 

ceived the attention it merits. At present, most conclusions concern- 

ing the status of the pulmonary vessels are inferential. In this com- 

munication we shall emphasize the feasibility of demonstrating the 

pulmonary artery itself by means of roentgenology. By this procedure, 

information concerning the lesser circulation not available through the 
usual clinical means is obtainable by a direct method. 


LITERATURE 


During the past fifteen years the literature on the radiography of the 
heart has contained surprisingly little on the visualization of the pulmo- 
nary artery. Frequent mention has been made regarding its appearance 
in the posteroanterior view,’ * but its demonstration in the oblique posi- 
tions has received only brief consideration. Inasmuch as the second left 
are of the cardiae shadow in the posteroanterior position is formed by 
both the pulmonary artery and conus, and it is frequently impossible to 
differentiate between the two, a method whereby the size of the pulmo- 
nary artery could be definitely determined should be of the greatest im- 
portance. 

The English and American literature contains only a few brief de- 
scriptions of the appearance of the pulmonary artery in the left oblique 
projection. Nemet* mentions it briefly in his discussions of the clinical 
aspects of cardiac fluoroscopy. O’Kane, Andrew, and Warren® show 
illustrations of the pulmonary artery in post-mortem preparations in the 
various positions including the left oblique but offer no comment as to its 
radiographic appearance. A method of approximating the size of the 
pulmonary artery by its impression against the barium-filled esophagus 
as seen in the right oblique position is proposed by Parkinson and Bed- 
ford. Their conclusions have been invalidated to a great extent by 
Hall’ for anatomical reasons. We have confirmed at the necropsy table 
Hall’s observation that the pulmonary artery and esophagus are appreci- 
ably separated by the bronchus, lymph nodes, and areolar tissue. This 
precludes intimate approximation of the two structures. Nevertheless, 
during life an increase in the intensity of the pulsations of the pulmo- 
nary artery may cause pressure against these structures and thus on the 
barium-filled esophagus as seen in the right oblique projection. 

The enlarged pulmonary conus is more prominent with rotation into 
the right oblique view, but the pulmonary artery itself is obscured since 


*From the Radiologic Service of Dr. A. J. Bendick and the Medical Servi 
Dr. L. Lichtwitz, Montefiore Hospital. ervice of 
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it merges into the conus shadow and is no longer border-forming. En- 
largement of the right ventricle causes the conus to approach the anterior 
thoracie wall, finally rotating the entire heart from the right below to the 
left above. When this rotation is marked, the pulmonary artery is 
hidden behind the conus even in the posteroanterior view. 

The German and French literature contain more adequate discussions 
on this subject. Assman® describes the vessel in both obliques, and states 
that it may be completely demonstrated in the left oblique view. Vaquez 
and Bordet® show illustrations of the pulmonary artery in both oblique 
positions, including examples of some pathological conditions, such as 
dilatation and aneurysms. They state that radiography of the pulmo- 
nary artery is of definite diagnostic aid in congenital heart disease and 
in diseases characterized by restriction of the pulmonary circulation. 
Dietlen’® favors the posteroanterior view, inasmuch as he was unable at 
that time to obtain clear radiographs in the oblique positions. 


ANATOMY 


The pulmonary artery arises from the upper ventral aspect of the por- 
tion of the right ventricle known as the conus. It consists of a main 
trunk and its two primary divisions, the right and left pulmonary arte- 
ries, which further subdivide to form the arterial portion of the hila of 
the lungs. The main stem extends obliquely upward and backward, in a 
half spiral, first in front, then around, beneath and to the left of the 
aorta. At the level of the sixth dorsal vertebra it courses posteriorly for 
3 or 4 em., arches over the left main bronchus, and divides into the right 
and left main branches. 

The left pulmonary artery, which is a continuation of the main trunk, 
is directed posteriorly and to the left. After arching over the left main 
bronchus, it, enters the root of the left lung and subdivides into two 
branches, which enter their respective lobes almost perpendicularly to 
the main branch, The right pulmonary artery is the larger and longer 
of the two. It passes in a horizontal plane behind the aorta and superior 
vena cava, in front of the esophagus obliquely above the right main 
bronchus to enter the hilum of the right lung." 


RADIOLOGICAL SIGNS 


We have found fluoroscopy to be a satisfactory method of procedure. 
This may be supplemented by films to confirm the radiosecopie findings or 
for purposes of record. Visualization in the posteroanterior and left 
oblique views yields the maximum information. The relationships are 
best demonstrated in individuals with vertical hearts or emphysema, in 
whom, as a rule, the pulmonary artery is quite prominent. Pressure 
from above, as from a substernal thyroid, or from below, as from an 
elevated diaphragm, often accentuates the findings.’? Various physical 
factors will increase the visibility of the vessel. Thus, increase in its 
lumen with resultant increase in the blood volume will cause a denser 
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shadow to be projected. Sclerosis of the pulmonary vessels secondary to 
advanced age or prolonged hypertension of the lesser circulation also in- 
creases the radiographic density of the vessel. Areas of calcification in 
the pulmonary artery occasionally may be demonstrated (Fig. 7). The 
visibility of the artery may be indirectly increased by diminished density 
of the surrounding lung fields, as is often seen in emphysema or asthma. 

The pulmonary artery forms the upper border of the second or middle 
eurve of the left cardiac silhouette in the posteroanterior view. The lower 
portion of this curve is formed by the pulmonary conus. Only oceasion- 
ally is it possible to differentiate clearly the two structures. The mesial 
surface of the pulmonary artery lies against the aorta and heart, and the 
border of the artery is lost in the denser cardiae shadows. 

The hilum as seen in the posteroanterior view is chiefly arterial in 
structure and consists mainly of the bifureation of the right and left 
pulmonary arteries into upper and lower branches and its subdivisions. 
This fact has been established by Assman,'* who ligated the pulmonary 
artery in dogs and caused a rapid, complete disappearance of the hilar 
shadows. Weingartner™ confirmed this by placing thin chains within 
the trachea and main bronchi and demonstrating that the bronchial sha- 
dows were distinctly mesial to the hilar shadows. 

Close inspection of the hilum during fluoroscopic examination will re- 
veal clearly expansile pulsations in many normal subjects. This is 
graphically increased in instances of marked difference between the 
systolic and diastolic pulmonary pressures, such as is encountered in 
pulmonie insufficiency when the ‘‘hilar danece’’ is most active.’ This 
phenomenon cannot be considered an evidence of pulmonary arterio- 
seleresis.‘° Increased pulse pressure in the major circulation as seen in 
instances of aortic insufficiency or hypertension may likewise be reflected 
in the lesser circulation as exaggerated hilar impulses. 

Certain anatomical factors explain the predominance of the arterial 
components in the production of the hilar shadows. On subdividing, the 
proximal branches of the pulmonary arteries are directed anteriorly and 
posteriorly, and since they are projected perpendicularly on the sereen, 
they cause denser shadows than the pulmonary veins which run parallel 
to the screen and mesial in the posteroanterior view. In addition, the 
thicker walls and larger caliber of the arterial vessels render them more 
opaque than the thinner walled veins. 

The right hilum is readily discernible in the posteroanterior view as a 
comma-shaped shadow lying immediately lateral to the midportion of 
the right heart border. Its width in normal individuals varies between 
9 and 15 mm.”* Its exact localization is facilitated by tracing the air 
column of the right main bronchus. This band of decreased density 
separates the cardiae shadow from the hilum. Visualization of the left 
hilum is often obscured by the overlying pulmonary conus and artery. 
It may be more easily distinguished in the vertical or hypoplastic type of 
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heart. Secondary and tertiary branches of the pulmonary vessels leave 
the hila as arborizations. These represent venous as well as arterial rami- 
fications. 

In the left oblique position it is possible to demonstrate the main trunk 
and left pulmonary artery as a shadow band of lesser density than the 
aorta obliquely traversing the space immediately beneath and to the left 
of the aorta, coming to lie just above the left main bronchus. Rotation 
into this oblique position throws the pulmonic artery clear of the heart 
shadow. Frequently the first portion of the right main trunk may also 


Fig. 1.—H. S., a fifty-eight-year-old man with generalized arteriosclerosis and 
syphilis. No signs or symptoms of cardiac failure. The roentgenogram shows the 
normal pulmonary artery well demonstrated in the left oblique view. Fluoroscopic 
observation shows the pulsations of the vessel. 
be demonstrated. The larger portion of the right trunk, however, is lost 
against the denser shadows of the mediastinum (Figs. 1 and 2). 

The bifureation of the trunk and the right braneh of the pulmonary 
artery is visualized orthoradiographiecally in the right oblique position. 
It is seen on end as the ‘‘pulmonal fleck,’’ an oval pulsating shadow ly- 
ing mesial to the aorta and just above the right main bronchus. 


PATHOLOGICAL PULMONARY ARTERY 


Variations in the size of the pulmonary arteries may be either con- 
genital or acquired. Congenital defects may cause either hypoplasia or 
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dilatation. Acquired changes are usually dilatation secondary to a 
lesion within the heart or beyond the main trunks. Hypoplasia as a re- 
sult of aequired infection is rare. The dynamic effects dilating the pul- 
monary artery and conus during life may not be demonstrable at the 
necropsy table (Fig. 3). 

Dilatation of the proximal portion of the pulmonary artery may follow 
hypertrophy of the right ventricle, as frequently occurs when dilatation 
of the aorta follows left ventricular hypertrophy. Any condition which 
inereases the work of the right heart may eventually lead to dilatation of 


Fig. 2.—Pulmonary artery outlined with barium paste. The specimen is turned into 
the left oblique view. 

the main trunks of the pulmonary artery. Protracted right ventricular 

strain resulting from disturbances of the intracardiac dynamics (left 

ventricular failure or mitral stenosis) or from increased resistance in the 

pulmonary circulation (pulmonary arterial disease) illustrates the above 

point. 

Dilatation of the proximal branches of the pulmonary artery is fre- 
quently present in pathological conditions, notably myocardial failure. 
Temporary dilatation of the hilar vessels followed by return to normal 
size has been described in failure of the left ventricle associated with 
paroxysmal tachyeardia and in diphtheritie myocarditis with heart fail- 
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ure. Assman believes that during left ventricular failure the hilar 
shadows exhibit a more demonstrable dilatation than the pulmonie trunks 
and that compensation is marked by a striking diminution in the size of 
the hilum. We have often observed that patients in chronie cardiac 
insufficiency show permanently dilated hilar vessels. Improvement in 
these patients is characterized by a clearing of the previously mottled 
lung fields rather than by any demonstrable changes in the appearance of 
the hilar branches. 

Clinical and experimental findings support the observation that ob- 
struction as proximal as the divisions of the main trunks’® or as distal 
as the pulmonic veins’® may lead to dilatation of the pulmonary arteries. 
Peripheral obstruction in the pulmonary circulation is most frequently 


Fig. 3.—M. K., an eighteen-year-old schoolboy with rheumatic cardiovalvular disease 
of ten years’ duration. The roentgenogram shows dilatation of the second arch of the 
left cardiac border (pulmonary artery and conus). Fluoroscopy confirmed the finding 
of dilatation of the pulmonary artery, especially the main trunk and left main branch. 
At autopsy the degree of dilatation of the vessel was less than was demonstrated 
radiologically. These findings indicate that dynamic dilatation seen during life may 
be absent at autopsy. 


responsible for dilatation of the pulmonary artery and its proximal 
branches. Obstruction to the free passage of blood through the mitral 
valve results in elevated pulmonary arterial tension, with increased strain 
on the right heart. Following conus enlargement, the vessel responds to 
the increased strain by dilatation which may assume huge proportions. 
(Figs. 4 and 5.) 

Pathological conditions in the lung, such as emphysematous, endarteri- 
tic, atherosclerotic, or fibrotic lesions, produce increased pressure in the 
lesser circulation with similar dilatation of the pulmonary artery. Mac- 
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B. 


S., a forty-six-year-old housewife with rheumatic cardiovalvular disease 


A, x-ray in the postero- 
dilated pulmonary 


Fig. 4.—A. 
of forty years’ duration. Admitted in congestive failure. 
anterior view shows dilatation of the second left arch. B, the 
artery is seen in the left oblique view, passing beneath the aorta. The size of the 
aorta may be estimated by its impression against the barium-filled esophagus. The 
pumonary artery is about twice the size of the aorta at its origin. Fluoroscopy con- 


firmed these findings. 
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Callum*®® reported a case of widespread obliterative endarteritis in a 
thirty-year-old negress who was shown to have a dilated and thickened 
pulmonary artery at necropsy. Waring and Yegge* published a case of 
emphysema with pulmonary fibrosis which at necropsy likewise was 
shown to have a markedly dilated pulmonary artery. Sokoloff and 
Stewart”? reported a case of hyperplastic sclerosis of the pulmonary 
artery and arterioles producing a terminal picture of the ‘‘black eardiac’’ 
type. At necropsy a tremendous hypertrophy of the right ventricle with 
dilatation of the first part of the pulmonary artery was found. In none 
of these cases were the radiological findings of the pulmonary artery de- 


seribed in detail. 


Fig. 5.—J. T., a seven-year-old schoolboy with rheumatic cardiovalvular disease 
for two years. Patient in persistent cardiac failure. The roentgenogram shows 
generalized cardiac enlargement and excessive dilatation of the left main branch of 
the pulmonary artery. The aorta is not seen in this view, indicating rotation of the 
heart. These findings were confirmed fluoroscopically and at autopsy. 

True aneurysmal dilatation of the pulmonary artery is a rare condi- 
tion®* and is even more rarely diagnosed during life. It is usually pres- 
ent on a congenital or syphilitic basis** and involves the main trunk in 
85 per cent of the eases reported. Syphilis may even cause a combina- 
tion of dilatation and narrowing of the main trunks, as in a ease deseribed 
by Karsner.”° 

Congenital defects of the heart may produce either broadening or 
narrowing of the pulmonary artery. In Abbott’s*® series of 859 proved 
eases, 297, or 35 per cent, showed abnormalities of the vessel. Dilatation 
was the more frequent defect, occurring 182 times. It is most marked in 
eases with interauricular septal defects.27 Frequently the same general 
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Fig. 6.—H. S., a fifty-seven-year-old man with no history indicative of cardiac 
disease. A, x-ray in the posteroanterior view shows dilatation of the second left arch. 
B, in the right oblique view the right main branch of the pulmonary artery is seen 
passing beneath the aorta. These films were taken during a routine examination. 
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type of lesion may produce either dilatation or hypoplasia as, for in- 
stance, in pulmonary stenosis. Out of 96 cases in Abbott’s series, 57 
showed hypoplasia, and 17 dilatation. In other conditions, such as 
patent ductus arteriosus, there were 39 instances of dilatation and none 
of hypoplasia: It can readily be seen of what diagnostic import definite 
information concerning the size and position of the great vessels may be. 

A prominent pulmonary artery segment in the posteroanterior view is 
frequently seen in young adults with vertical hearts and in normal chil- 
dren with the globular type of heart. This deviation from the usual 
picture has no clinical significanece.** A more marked dilatation of the 
pulmonary artery and its lesser branches is often found with no other 


Fig. 7.—I. S., a twenty-three-year-old girl with a lifelong history of marked 
cyanosis of the lips and fingers and greatly diminished exercise tolerance. X-ray 
plate in the posteroanterior view shows the left main branch of the pulmonary artery 
to be markedly enlarged in its proximal portion, with visible areas of calcification. 
The right ventricle is markedly enlarged, Fluoroscopy confirms these findings. 
Diagnosis: congenital heart disease. 


clinical findings. This may be evidence for congenital heart disease to 
fit in with the rest of the clinical picture (Figs. 6 and 7). 


SUMMARY 


It is our object to emphasize the fact that it is possible to visualize 
roentgenologically not only the pulmonary artery, but also its main 
branches in most normal and in many abnormal eases. The shadow of 
the main trunk and left pulmonary artery can usually be seen in prop- 
erly exposed films taken in the left oblique position, or fluoroscopically. 
Obstruction anywhere in the pulmonary circulation (whether functional, 
as in congestive failure, or organic) will lead to dilatation of the pulmo- 
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The size of the pulmo- 


artery and its lesser branches is of value in recognizing congenital 


lesions of the heart or pulmonary arterial system in the absence of elin- 


ical signs. 


Radioscopie examination can supply information not obtain- 


able by other clinical means. 


. Chandlee, G. J., and Burville-Holmes, E.: 
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OBSERVATIONS ON THE MECHANISM OF THE DYING HEART 
IN PATIENTS WITH THE ADAMS-STOKES SYNDROME DUE 
TO STANDSTILL OF THE VENTRICLES* 


ABRAHAM JEZER, M.D., ArtHur M. Master, M.D., AND 
Siwney P. Scuwartz, M.D. 
New York, N. Y. 


WO patients with episodes of syncope due to standstill of the ven- 
tricles were studied during numerous attacks. In both patients we 
obtained graphic records of the cardiac mechanism for several hours be- 
fore death. The clinical manifestations associated with the changes in 
the rhythm of the heart are so unusual that they deserve attention. 
CASE 1.—A. S., a sixty-eight-year-old male, was in good health until May, 1934, 
when he suddenly lost consciousness for a few minutes. Three months later frequent 


episodes of unconsciousness recurred, and he was admitted with signs of congestive 
heart failure to the Mount Sinai Hospital, where his condition improved. He re- 
mained free from these seizures until November, 1932, when he entered the Monte- 
fiore Hospital. 

On admission he showed slight cyanosis of the lips, marked distention of the 
neck veins, and prominent carotid artery pulsations. The chest was of the emphy- 
sematous type, and the lungs were hyperresonant throughout. The heart was slightly 
enlarged to the left. The rhythm was regular with a rate of 30 beats per minute. 
The first heart sound was weak and distant and was obscured by a soft, blowing 
systolic murmur. The second aortic sound was definitely accentuated. The blood 
pressure measured 210/80. The liver edge was felt 6 cm. below the costal margin. 
There was no edema of the lower extremities. 

X-ray and fluoroscopic examination of the heart showed a markedly enlarged left 
ventricle with moderate enlargement of the inflow tract of the right ventricle. The 
aorta was elongated and tortuous. The electrocardiogram showed complete auric- 
uloventricular dissociation, with a ventricular rate of 30 beats per minute. The 
form and shape of the QRS complexes varied from beat to beat. 

From July, 1934, the patient required occasional doses of salyrgan to control his 
increasing congestive failure. He was comfortable until October 17, when he 
developed signs of consolidation at the left base of the lung with a rise of temper- 
ature of 105° F. Dullness, bronchial breathing, and bronchophony then appeared 
over the left upper lobe. His condition grew rapidly worse for one week, and he 
developed recurring periods of standstill of the ventricles, alternating with periods 
of ventricular tachycardia. Although he received small doses of epinephrine hydro- 
chloride (1:1000) during several periods of ventricular standstill, he died with the 
ventricles in standstill. 

During the periods of ventricular standstill, the patient became hyperpneic, and 
the respiratory rate increased rapidly to 40 per minute. After a half minute to 
a minute following the return of ventricular activity, the hyperpnea gradually sub- 
sided and apnea set in. The periods of hyperpnea with ventricular standstill were 
followed by periods of apnea and tachycardia. Continuous electrocardiograms were 
taken for long periods during the last three hours of life. 

The periods of ventricular acceleration (ventricular rate to 120 beats per minute) 
were at times suddenly replaced by periods of ventricular standstill. At other 

*From the Medical Division of the Montefiore Hospital, Service of Dr. Leopold 


Lichtwitz, and the Cardiovascular Division of the Mount Sinai Hospital, Cardiographic 
Laboratory and Service of Dr. B. S. Oppenheimer, 
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times there was a gradual slowing of the ventricular rate, and the rhythm was in- 
terrupted by ectopic ventricular beats. Standstill of the ventricles then followed 
for periods varying from one-half to three minutes. During such episodes, the 
patient became increasingly cyanotic, and then convulsive seizures appeared. These 
disappeared with the return of the heartbeat. 

The electrocardiograms (Fig. 1) obtained at this time revealed ventricular stand- 
still alternating with ventricular tachycardia. The periods of ventricular stand- 
still from which the patient recovered lasted from one-half to three minutes. The 
standstill period was frequently terminated by an aberrant beat which, in turn, 
was followed by another short period of standstill (Fig. 1, B). This second period 
of ventricular standstill was followed by a group of aberrant ventricular beats and 
was ushered in by a period of ventricular tachycardia, with a rate varying from 60 
to 120 beats per minute (Fig. 1, C). At other times, the post-standstill period of 
the ventricles was followed by a regular slow ventricular rhythm with a rate of 40 
to 60 beats per minute, which was later interrupted by widely aberrant ventricular 
beats. 

About two and one-half hours after the onset of these recurring Adams-Stokes 
seizures, the electrocardiograms showed a regular rhythmic movement of the string 
(Fig. 1, D). These impulses are probably auricular in origin. This activity con- 
tinued until four aberrant ventricular beats, each different in form and shape and 
measuring from 0.2 to 0.4 second (Fig. 1, Z), interrupted this rhythm. During all 
this time, no heart sounds were audible, and no pulse could be palpated. The elec- 
trocardiogram then resumed the previous activity for a short period, the rate being 
as high as 150 beats per minute (Fig. 1, F). This activity then slowly subsided, 
became less regular and less frequent, and finally the string stopped (Fig. 1, G), 
This entire episode, from the time the last heart sound was heard until the string 
stopped moving, lasted twenty minutes. 


Case 2.—S. A., a thirty-nine-year-old male, was in good health until November, 
1932, when he had an attack of influenza. At this time a slow heart rate was first 
noticed, and he complained of dizziness and faintnéss. For a short period there was 
a spontaneous return to normal heart rate. Eighteen months later he again de- 
veloped a slow heart rate with dizziness and faintness. At this time he had several 
convulsive seizures which were accompanied by a loss of consciousness. Thyroid 
extract and ephedrine were given daily without relief. He was admitted to the 
Mount Sinai Hospital on April 13, 1934. 

On admission the patient appeared to be well nourished. The left pupil was 
larger than the right, and there was a marked venous pulsation in the neck with a 
rate of 65 to 70 per minute. The heart was not enlarged to percussion; the heart 
sounds were of good quality. There was a long, rough, systolic murmur heard all 
over the precordium. The heart rhythm was regular and the rate ranged from 20 
to 25 beats per minute. The blood pressure registered 175/85. After exercise the 
auricular rate increased from 70 to 90 beats per minute, and the ventricular rate 
from 25 to 30-35 beats per minute. The electrocardiograms obtained at this time 
showed complete auriculoventricular dissociation. 

Following the administration of 7 minims of epinephrine hydrochloride (1:1000) 
at a time when the ventricular rate was 25 beats per minute, the increase in the 
rate was only 7 beats per minute. The venous pressure was 7.75 cm.; the speed of 
circulation from the arm veins to the tongue as measured by the saccharine method 
was 40 seconds, and the speed of the circulation from the arm veins to the lungs 
as measured by the ether method was 22 seconds. The vital capacity was 3800 c.c. 
The blood Wassermann reaction was negative. 

The patient was comfortable until the fourth day after admission to the hospital, 
when he suffered a period of dizziness followed by loss of consciousness which lasted 
seventeen seconds. Epinephrine hydrochloride (1:1000) was given subcutaneously 
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Fig. 1.—A, basic rhythm. Complete auriculoventricular dissociation. Auricular 
rate 63 beats per minute. Ventricular rate 28 beats per minute. 

B, ventricular standstill. Auricular rate 165 beats per minute. 

C, transition from ventricular standstill to ventricular tachycardia. Ventricular 
rate varies from 60 to 120 beats per minute. <Auricular rate 150 beats per minute. 

D, ventricular standstill. Auricular rate 160 beats per minute. 

E, transition from ventricular standstill to ventricular tachycardia, showing mul- 
tiple ectopic ventricular beats ending the ventricular standstill and initiating the ven- 
tricular tachycardia. Auricular rate 150 beats per minute. Ventricular rate 60 to 
120 beats per minute. 

F, ventricular tachycardia. Ventricular rate 135 beats per minute. 

G, recurring ventricular standstill. Note the auricular waves gradually lose their 
form and shape. The auricular rate slows from 150 to 100 beats per minute. 

H, four aberrant ventricular complexes temporarily interrupt the terminal period 
of ventricular standstill. 

I, continuous. 
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at a time when the heart sounds could not be heard. The ventricular rate speedily 
increased to a maximum of 120 beats per minute. The rhythm was regular. The 
ventricular rate then gradually slowed, and numerous premature beats interrupted 
the rhythm. When the ventricles had slowed to 20 beats per minute, the patient 
again became dizzy, and, as the rate continued to fall, he lost consciousness. He 
recovered from this episode and remained well until two days later when he again 
lost consciousness. This time short periods of unconsciousness recurred at frequent 
intervals. Each attack lasted from one-half to three minutes. The intervals be- 


tween attacks were sometimes as short as one-half to one minute. Cheyne-Stokes 


respiration was noted at this time. During the period of unconsciousness, dyspnea 
and hyperpnea were present; during the periods of consciousness, apnea was pres- 
ent. There were no heart sounds audible during the periods of unconsciousness. A 
regular ventricular rate, ranging between 60 and 120 beats per minute, was present 
during the periods of consciousness. At times a transient period of irregular heart 
rhythm was noted before and after the attack of unconsciousness. 

Electrocardiograms taken during the periods of syncope showed only auricular 
complexes. The periods of ventricular standstill which were recorded ranged from 
one-half to one minute. The periods of standstill were abruptly ended by an ectopic 
ventricular complex, and this was followed by short periods of ventricular standstill 
which were in turn followed by normal ventricular complexes, 

At first the rhythm was irregular, the irregularity being produced by occasional 
premature beats interrupting the normal ventricular rhythm. The ventricular rate 
then gradually increased, and frequent aberrant ventricular complexes interrupted 
the basic ventricular rhythm. When the ventricular rate reached 40 or 50 beats 
per minute, an ectopic focus in the ventricle superseded the idioventricular pace- 
maker and the ventricular rate increased to 75 to 120 beats per minute. This ven- 


tricular tachycardia gradually slowed, and normal complexes, interrupted by ab- 
The ventricular rate fell to 20 to 


normal ventricular complexes, were again seen. 
Such 


25 beats per-minute when another period of ventricular standstill followed. 
periods of ventricular acceleration and standstill continued until the patient’s death. 


About 20 minutes before the cessation of electrocardiographie activity, heart sounds 


could no longer be heard and respirations ceased. After about five minutes, when 


no ventricular complexes could be seen on the electrocardiogram, three isolated 
aberrant ventricular complexes, each measuring from 0.2 to 0.4 second were noted, 
but no persistent ventricular activity followed. The string again became motionless 


and remained so. 
DISCUSSION 

In 1912 Cohn and Lewis" described a case of complete heart-block and 
Adams-Stokes syndrome that showed alternating periods of standstill 
and of tachyeardia of the ventricles. Unfortunately, no electroeardio- 
grams were reported by them. Biumler? and Hill and MacKinnon® have 
described cases of Cheyne-Stokes respiration associated with the Adams- 
Stokes seizures. Steele and Anthony,‘ in a recent review of the relation- 
ship between Cheyne-Stokes respirations and changes in the eardiae 
rhythm, described a case of heart-block occurring during the period 
of hyperpnea. They attributed to variations in vagal activity the asso- 
ciation of hyperpnea with standstill of the heart or slowing of the heart, 
and apnea with tachyeardia. This explanation may be correct in cases 
in which the dominant rhythm is of sinus origin, but in cases of com- 
plete heart-block this is questionable. 

The problem of vagal influence in complete heart-block was studied 
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experimentally by Erlanger and Hirsehfelder® and again by Cushny.® 
These observers concluded that in complete heart-block the effects of 
vagal action on the ventricles could not be demonstrated. They found 
that the state of nutrition of the idioventricular pacemaker and the 
influence of ectopic foci in the ventricles on the pacemaker were respon- 
sible for changes in the ventricular rate. They also concluded that an 
ectopic focus in the ventricles (stimulated electrically) beating at a 
‘apid rate depresses the idioventricular pacemaker so that, at the end 
of a paroxysm of tachyeardia, there is a period of ventricular stand- 
still. When the idioventricular pacemaker is continually fatigued by 
frequently recurring episodes of ectopic ventricular tachycardia, long 
periods of ventricular standstill are noted when the tachycardia ceases. 

The application of these findings to our cases and to the ease of Cohn 
and Lewis suggests that the ventricular standstill is not caused by vagal 
action, but by depression of the auriculoventricular node brought on by 
the ectopic ventricular focus beating at a rapid rate. The effect of this 
mechanism on respirations ean be explained on the following basis. 

During the period of ventricular standstill, the CO, content of the 
blood rises, and the O, unsaturation increases. As a result, the respira- 
tions increase in rate. When the heart again beats and washes the CO, 
from the blood, the diminution in the CO, content of the blood is insuffi- 
cient to stimulate the respiratory center and produces apnea. (The 
hyperpnea with the ventricles at standstill cannot lower the systemic 
CO, content.) This explanation is also offered by Hill and MacKinnon 
in their studies of a case of Adams-Stokes syndrome and Cheyne-Stokes 
respirations where the ventricular rhythm is initiated in both bundle- 
branches of His. 

Both cases reported in this communication were studied several hours 
before death. Whether a similar mechanism occurs in patients with the 
Adams-Stokes syndrome who recover for long periods of time is not 
known. It is interesting, however, to point out that epinephrine will 
initiate a ventricular tachycardia in cases of heart-block, which may be 
followed by standstill of the heart following the dissipation of the action 
of the drug. Thus, it would seem important to administer epinephrine 
only in small doses in cases of Adams-Stokes disease of this type. The ad- 
ministration of large doses of this drug may initiate a ventricular tachy- 
cardia of long duration whieh would be followed by ventricular standstill. 
The further administration of epinephrine at such a time will initiate a 
ventricular tachyeardia and may again be followed by a longer period of 
standstill. In this way, recurring episodes of ventricular standstill can 
be produced. This mechanism may explain the succession of events in 
our two cases. 

The problem of epinephrine administration in these eases is puzzling. 
Epinephrine is usually given during the period of ventricular standstill. 
The drug certainly cannot act directly on the ventricular muscle (unless 
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injected intracardially) since there is no circulation at this time. The 
action of epinephrine by stimulation of the sympathetic fibers at the 
local point of administration of the drug and then by its continued action 
on the central sympathetic trunk may explain the action of the drug on 
the ventricles at a time when there is no circulation. The administration 
of a large dose of epinephrine may at first stimulate the ventricles by 
this neurogenic mechanism and then, with the return of the ventricular 
contractions, absorption of the drug into the blood stream may then 
produce the direct action on the sympathetie endings in the ventricle 
itself. The sympathetic action on the lower centers below the auriculo- 
ventricular node may produce a rapid ventricular rate, ectopic in origin, 
which may displace the idioventricular pacemaker and finally depress 
it so that standstill will occur at the end of this paroxysm of tachycardia. 
Thus, the continuous or repeated administration of epinephrine in such 
eases appears to be contraindicated, even when the episodes of stand- 
still are frequent. 
SUMMARY 

Two eases of recurring episodes of standstill of the heart alternating 
with ventricular tachyeardia are described. The period of ventricular 
standstill is associated with dyspnea and hyperpnea; the tachycardia is 
associated with apnea. 

The association of Adams-Stokes disease and Cheyne-Stokes respira- 
tion is discussed. It is suggested that changes in vagal action are not 
the eause of the recurring episodes of standstill of the heart and of 
ventricular tachycardia. 

The mechanism of the action of epinephrine during the period of 
ventricular standstill is probably a neurogenic mechanism from the point 
of administration through the central sympathetic trunk to the sym- 
pathetic endings in the ventricles. 

It is suggested that only small doses of epinephrine be used in cases 
of standstill of the heart since large doses may induce periods of long 
ventricular tachycardia and result in reeurring episodes of standstill of 
the heart. The continuous administration of even dilute solutions of 
epinephrine in such cases seems to be contraindicated. 
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BACTERIAL ENDOCARDITIS WITH SPECIAL REFERENCE TO 
THE CARDIAC IRREGULARITIES 


A CLINICAL AND PATHOLOGICAL Stupy oF 191 CasEs* 


Maurice 8. SeGau, M.D. 
Boston, Mass. 


T IS generally agreed that rhythmic disturbances are rare in the course 
of active bacterial endocarditis, Libman’ in 1918 first commented that 
‘‘arrhythmia is remarkably infrequent.’’ With the increase in bacterial 
endocarditis cases there have appeared more specific references to the 
oceurrence of cardiac irregularities in the course of the disease. 


AURICULAR FIBRILLATION IN THE COURSE OF SUBACUTE BACTERIAL 
ENDOCARDITIS 


The rarity of auricular fibrillation in the course of subacute bacterial 
endocarditis was noted in the reports by Cotton,* Mason,‘ Blumer.° 
Thayer,® * Bierring,* Horder,® ?° Rothschild, Sacks, and Libman,'! Mor- 
rison,’? Hurxthal,!* Fulton and Levine,'® Davis and Weiss”® and Segal.** 
The occurrence of subacute bacterial endocarditis and auricular fibrilla- 
tion in patients with preexisting auricular fibrillation has been observed 
by Sprague,’ Winternitz,’’ Laws and Levine’ and de la Chapelle and 
Graef."* 

The extensive studies of Libman, Thayer, Blumer, and Horder and 
others have fairly well established the dicta: 

1. That in subacute bacterial endocarditis the heart maintains its funce- 
tional capacity in a remarkable manner, 

2. That auricular fibrillation rarely supervenes in the course of sub- 
acute bacterial endocarditis. 

3. That subacute bacterial endocarditis rarely supervenes in a patient 
with preexisting auricular fibrillation and valvular disease. 


AURICULAR FLUTTER IN THE COURSE OF SUBACUTE BACTERIAL ENDOCARDITIS 


This irregularity occurs less frequently than auricular fibrillation. 
Few references were found in the literature. Blumer® mentioned one 
ease in his comprehensive review but gave no details of the case. Roths- 
child, Sacks and Libman" mentioned one instance which occurred in a 
bacteria-free, inactive case. 

De la Chapelle and Graef?® reported a case of active subacute bacterial 
endocarditis in a thirty-three-year-old male in which auricular flutter was 
recorded ten weeks before death, but did not reappear. On admission the 
rhythm was normal except for premature beats. No Aschoff bodies were 
found in the microscopie sections. 


*From the First and Third Medical Services, Boston City Hospital (Tufts), and 
the Department of Medicine, Tufts College Medical School. 
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The author** reported the occurrence of auricular flutter and fibrilla- 
tion in a thirty-eight-year-old female with active subacute bacterial endo- 
carditis thirteen days before death. The rhythm was normal on admis- 
sion. After the recorded flutter the rhythm remained normal except for 
ventricular extrasystoles and a sino-auricular tachyeardia. At autopsy 
no Aschoff bodies were found in the microseopie sections. 

In a study of sixty-five cases of auricular flutter, McMillan and Bellet?° 
found no eases of subacute bacterial endocarditis. Sixteen of their cases 
occurred in patients with rheumatic heart disease, an incidence of 24.6 
per cent. The remaining cases occurred in syphilitic, hypertensive, toxic 
myocarditis, thyrotoxic, and drug poisoning eases. 


CONDUCTION DISTURBANCES IN SUBACUTE BACTERIAL ENDOCARDITIS 


Changes in conduction time in the course of active subacute bacterial 
endocarditis have been observed infrequently.!* 1% 1 1% 1% 21. Rothschild, 
Sacks, and Libman’! and Levy and Turner?? made comparative electro- 
cardiographie studies of conduction disturbances in rheumatie fever and 
subacute bacterial endocarditis. 

In their 65 rheumatic fever cases, Rothschild, Sacks, and Libman™ 
found 23 with prolongation of the P-R interval, an incidence of 35.3 per 
cent. In their 61 eases of active subacute bacterial endocarditis, they 
found 10 with prolongation of P-R intervals varying from 0.21 to 0.36 
sec., an incidence of 16.4 per cent. Changes in the ventricular complexes 
were found even less frequently in the subacute bacterial endocarditis 
ceases. In these they found inconspicuous alterations consisting of slight 
notching and slurring of the QRS complex. 

Levy and Turner,” in their 403 eases of rheumatic fever, found 112 
with prolongation of the P-R interval, an incidence of 27.8 per cent. In 
their 23 subacute bacterial endocarditis cases, they found 3 with pro- 
longation of the P-R interval without block, an incidence of 13 per cent. 
Two of these cases were permanent during observations. Digitalis and 
salicylate effects were considered ruled out. Swift?* found an increased 
P-R interval in 70 out of 81 cases of rheumatic fever. He used a less 
rigid criterion for prolongation and dealt with much sicker patients. 

Winternitz’® made frequent electrocardiographie studies in sixty-nine 
eases of mycotie endocarditis. He found only one case with prolongation 
of the P-R interval. Autopsy revealed extensive ulcerative involvement 
of the aortic valve, congenital aneurysm of the right auricular septum, 
and involvement of the tricuspid valve. Sections showed invasion of the 
bundle of His. 

Longcope* discussed the differentiation of acute rheumatie fever from 
bacterial endocarditis and stressed the infrequency of alteration of the 
cardiac mechanism in bacterial endocarditis as compared with its fre- 
quency in rheumatic fever. In a series of twenty-one cases of subacute 
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bacterial endocarditis, two eases (9.5 per cent) of prolonged P-R interval 
were found. This is a lower incidence than the 16.4 per cent observed by 
Libman and the 13 per cent noted by Levy and Turner. 


RELATIONSHIP OF AURICULAR FIBRILLATION AND SUBACUTE BACTERIAL 
ENDOCARDITIS 


Libman and his school were the first to point out the infrequency of 
auricular fibrillation in the course of subacute bacterial endocarditis and 
the rarity of subacute bacterial endocarditis in patients with preexisting 
auricular fibrillation. Levine® offered an explanation for the rarity of 
subacute bacterial endocarditis in rheumatic patients with persistent 
fibrillation and in patients with congestive heart failure. He pointed out 
that most of the latter group at autopsy showed dense and fibrous mitral 
leaflets, whereas in the subacute bacterial endocarditis group the mitral 
valves more often give the appearance of having been in a fair state of 
health before the development of the terminal infection. He stated that 
the dense fibrous leaflets acted as an inhibitory factor to bacterial in- 
vasion. In a later paper Fulton and Levine" offered an explanation for 
the fact that patients with high grade mitral stenosis possessed an ap- 
parent immunity to bacterial endocarditis. They attributed this to the 
persistence of a local rheumatie process in the mitral valve which might 
be antagonistic to the development of bacterial endocarditis. 

Davis and Weiss” made a study of thirty-five cases of subacute bac- 
terial endocarditis which came to autopsy. They found only two eases 
of auricular fibrillation. They noted that a very mild endocardial lesion 
was apparently as predisposing to subacute bacterial endocarditis as was 
an advanced lesion. In the rheumatic hearts which came to autopsy, they 
found more cases with mild than with advanced lesions. They considered 
that this statistical finding would explain the comparative infrequency 
of severe mitral stenosis in subacute bacterial endocarditis. They noted 
further that this predominance of mild rheumatic heart lesions explained 
the infrequency of auricular fibrillation in subacute bacterial endocarditis 
since auricular fibrillation was found to be more commonly associated 
with advanced rheumatic damage. 

Laws and Levine” felt that the great disparity and antagonism be- 
tween these two conditions could not be explained in the above manner. 
They wrote that there were ‘‘a large number of patients with persistent 
auricular fibrillation and valvular disease who live on the average for 
several years. If the bacterial invasion of damaged valves were a mere 
accident, it is surprising that there are not more instances of subacute 
bacterial endocarditis in patients with fibrillation. The same holds true 
of congestive failure.’’ 

De la Chapelle and Graef, having previously expressed an interest in 
this relationship, approached the problem by making a study of the vary- 
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ing grades of mitral stenosis in rheumatic heart disease in relation to the 
occurrence of auricular fibrillation. 

De la Chapelle, Graef, and Rottino** made a clinical pathological study 
of 119 rheumatic hearts with special reference to auricular fibrillation. 
They found that forty-two had auricular fibrillation, an incidence of 35.3 
per cent. This is somewhat lower than the 57 per cent incidence noted 
by Davis and Weiss* in their series of every variety of rheumatic heart 
disease, including cases of paroxysmal auricular fibrillation. It is like- 
wise lower than the 53 per cent incidence in the series of 100 cases of 
severe mitral stenosis reported by Stone and Feil.* 

De la Chapelle and his associates concluded that the two types of hearts 
which appeared to be immune to subacute bacterial endocarditis, those 
with auricular fibrillation and those with severe mitral stenosis, bore no 
relation to each other except that some degree of stenosis or insufficiency 
was necessary for the development of auricular fibrillation. The grade 
of stenosis was not found to be related to the presence of auricular 
fibrillation. It would appear d‘fficult to draw such a conclusion inasmuch 
as 75 per cent of their patients died of congestive heart failure, and the 
incidence of congestive failure was not listed in the moderately and se- 
verely stenotie groups. It is generally believed that auricular fibrillation 
commonly occurs in failing hearts and those which have had episodes of 
failure. If there were many such cases in their moderately stenotic 
group, the incidence of fibrillation would rise appreciably. Their con- 
clusions are contrary to the often expressed opinion that auricular fibril- 
lation is more common in mitral stenosis of the more advanced type. The 
rarity of severe mitral stenosis in subacute bacterial endocarditis has been 
used to explain the infrequency of auricular fibrillation in this disease. 

From the above, it would appear difficult to correlate auricular fibril- 
lation with the grade of mitral stenosis without considering the integrity 
of the myocardium as a whole. The pathogenesis of auricular fibrillation 
is intimately related to the underlying anatomical changes, the changes 
in circulatory dynamies, and the possibility of altered chemical ‘‘en- 
vironmental changes.’’ Physiological and anatomical investigations have 
not been conclusive. The studies of Yater?® and of Mohler and Craw- 
ford®® failed to reveal any characteristic of auricular fibrillation which 
might be considered distinctive or of itself responsible for the onset and 
continuation of auricular fibrillation. 

The anatomical changes in the myocardium in subacute bacterial endo- 
carditis have been the subject of much discussion. Blumer and others 
have stated that the myocardium is rarely involved. Horder and others 
in contrast to rheumatic 


have called the disease an ‘‘endocarditis vera 
heart disease in which the endocardium, myocardium, and pericardium 
are usually involved. On the other hand, Clawson,*" *? Libman** *4 and 
Saphir® have emphasized the frequent occurrence of myocardial lesions 


i 
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in subacute bacterial endocarditis. The coexistence of recent rheumatic 
infection (Aschoff bodies) in hearts from patients dying of subacute bae- 
terial endocarditis has been observed by Libman,? Saphir and Wile,*® 
by Saphir,**® and by von Glahn and Pappenheimer.*? This seems to indi- 
cate a more frequent involvement of the integrity of the myocardium in 
subacute bacterial endocarditis than has been hitherto supposed. 


ANALYSIS OF CASES 


All the clinical and autopsied cases of bacterial endocarditis from 1906 
through 1934 in the Boston City Hospital were reviewed. Only those 
eases with bacteriological confirmation were included. The material was 
subdivided into two groups.* 

I. Cases of subacute bacterial endocarditis, including only Streptococ- 
cus viridans and Bacillus influenzae, 


IT. Cases of bacterial endocarditis with a large variety of organisms. 
I. Subacute Bacterial Endocarditis 


There were 108 eases, of whieh 92 were fatal. There were 47 autopsies. 
Of the eases 61 occurred in males and 47 in females. The ages varied 
from ten to sixty-three years, with an average of thirty-two years. The 
average female age was thirty. The average male age was thirty-five. 
Of the cases included, only 6 occurred between 1909 and 1922. The re- 
maining 102 dated from 1923 (when the first electrocardiograms were re- 
corded) through 1934. 

Bacteriology.—All eases were in the active (bacterial) stage of the 
disease. In 91 cases, positive blood cultures for Streptococcus viridans 
were obtained during life. No blood cultures were taken in 9 eases. 
Blood cultures were negative in 7. In one case Bacillus influenzae was 
obtained. 

Autopsy Findings——The typical vegetations of subacute bacterial en- 
docarditis were found in all eases. In the few patients who did not have 
positive blood cultures when alive, post-mortem cultures confirmed the 
diagnosis. In 47 autopsied cases, involvement was for the most part in 
the following valves. 

TABLE I 


VALVES INVOLVED 


Mitral alone | 40.0* per cent 
Aortic alone 9 | 20.0* per cent 
Mitral and aortic 13 28.8* per cent 


*In general, the figures are similar to those of Clawson and Bell,® Blumer,® Ful- 
ton and Levine,” Thayler,’ and Davis and Weiss® in this country. They differ, how- 
ever, from the postbellum cases found on the Continent in which there was a large 
incidence of aortic involvement, reported by Coombs,* Cotton,’ Starling,** Morawitz,” 
and Horder.® 

*A portion of this autopsy material had been previously utilized in the study by 
Davis and Weiss.* 
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No attempt was made to analyze the various grades of mitral stenosis 
because of the difficulties in drawing conclusions from valves measured 
by different observers with varying technic. Previous damage was pres- 
ent in a large percentage of the cases. 

Clinical Past Histories—Forty patients gave histories of rheumatic 
fever. Fifteen had knowledge of rheumatic heart disease. Twelve gave 
histories of frequent tonsillitis, 5 of ‘‘rheumatism,’’ 2 of chorea and 
rheumatic fever, 3 of ‘‘heart disease,’’ 4 of ‘‘chorea,’’ 1 of congenital 
syphilis, and 1 of scarlet fever. In 10 cases no past history could be 
obtained, and in 7 there was no history of rheumatic infection. 

In 25 eases, the time intervening from the first rheumatic fever attack 
to the complicating subacute bacterial endocarditis varied from five 
months to thirty-five years, an average of 10.3 years. This differs from 
the interval of 17.5 years in the series of Fulton and Levine.*® In 10 
of the patients with cardiac irregularities, an average of well over ten 
years was obtained for this period. The ages of this group varied from 
twenty-one through fifty-four years. 

Rhythm.—Electroeardiographie studies were obtained in 49 of the 
eases. In the remaining 59 cases, an evaluation was made of repeated 


TABLE II 


OBSERVATIONS IN THE CLINICALLY STUDIED CASES 


NO. OF CASES OBSERVATION 
50 Regular rhythm at all times 
3 Gallop rhythm at times 
3 Occasional extrasystoles 
1 ‘*Trregular pulse’’ shortly before death 
1 | Auricular fibrillation for 3 weeks prior to death 


TABLE IIT 


OBSERVATIONS IN THE ELECTROCARDIOGRAPHED CASES 


NO. OF CASES OBSERVATION. 


Sinus arrhythmia 
Sino-auricular tachycardia 
T-waves indicative of myocardial disease 
Left ventricular predominance 
Right ventricular predominance 
Oceasional ventricular premature beats 
-artial heart-block and left ventricular predominance 
Partial heart-block, intraventricular block, and left ventricular 
predominance 
Partial heart-block, coronary T-waves 
Partial heart-block, premature beats 
-artial heart-block and prolonged Q-T interval 
Partial heart-block and later auricular fibrillation 
Complete heart-block and partial heart-block 
Complete heart-block, left bundle-branch block and occasional 
premature nodal beats 
Developed auricular flutter which persisted throughout 
1 Normal rhythm, then auricular flutter and fibrillation prior to 
death 
1 Preexisting established auricular fibrillation 
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clinical observations from past and present records in this and in other 
hospitals. We believe these observations to be sufficiently valid to be 


included. 

In addition to the eases listed in Tables II and III, clinical observa- 
tions revealed one case with extrasystoles and gallop rhythm, two cases 
with occasional extrasystoles, and two cases with gallop rhythm. 


TABLE IV 


COMBINING BoTH CLINICAL AND ELECTROCARDIOGRAPHIC OBSERVATIONS 


NO. OF CASES OBSERVATION 

18 Left ventricular predominance 
3 Right ventricular predominance 
11 Heart-block 

1 Left bundle-branch block 

1 Prolonged Q-T interval 

8 Occasional premature beats 

1 Occasional nodal premature beats 
+ ‘*Pathological T-waves’’ 

6 Gallop rhythm 

2 Auricular flutter 

3 Auricular fibrillation 


During the course of the observed irregularities, eight of the heart- 
block cases received no digitalis prior to the block, and eight cases re- 
ceived only ‘‘adequate’’ amounts. In two of the latter, digitalis was dis- 
continued when the heart-block was recognized. Two eases received small 
amounts of salicylates, the others none. The flutter and fibrillation cases 
received digitalis at times. 

In the group showing heart-block, the irregularity was observed re- 
peatedly in serial electrocardiograms in a few cases. In the others, two 
or three electrocardiograms were obtained, but were not always continued 
to the time of death. 

Valves Involved at Autopsy.—Of the cases demonstrating heart-block, 
fibrillation or flutter, six were autopsied. 


TABLE V 
‘TYPE OF CASE | VALVES INVOLVED 
Partial heart-block Mitral and aortic 
Partial heart-block Aortie alone (syphilitic) 
Complete heart-block Aortie and pulmonic 
Complete heart-block* Mitral and aortic 


-artial heart-block and auricular fibrilla- | Mitral and aortic. (Mitral valve measured 
tion 12.1 em. in circumference and was not 

stenosed. ) 

Auricular flutter and fibrillation Mitral and aortic. (Mitral valve measured 

9.5 em, in circumference and was mod- 

erately stenosed. ) 


*Patient received digitalis (not included). 


There were no Aschoff bodies found in the microseopie sections in any 
of these cases. 


__ 
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TABLE VI 


VALVES INVOLVED AS SHOWN BY CLINICAL EVIDENCE IN NONAUTOPSIED CASES 


| VALVES INVOLVED 


TYPE OF CA 


1 Complete heart-block Mitral and aortic 
3 Partial heart-blocks Mitral and aortic 
3 Partial heart-blocks Aortic 
2 Auricular fibrillation Mitral 
1 Auricular flutter Mitral 


Table VII compares the incidence of valve involvement with nor- 


mal rhythm as compared to those with heart-block. 


TABLE VIL 


AUTOPSY EVIDENCE 


AUTOPSIED CASES WITH | 5 AUTOPSIED CASES WITH 
NORMAL RHYTHM HEART-BLOCK 

Mitral alone | 18 45.0 per cent | 0 0 
Aortic alone 8 20.0 per cent | 2 40 per cent 
Mitral and aortic 10 25.0 per cent | 2 33 per cent 
Pulmonie and aortic ee... 0 1 20 per cent 
M., A., and tricuspid 3 7.5 per cent | 0 0 
Tricuspid | 1 2.5 per cent 0 0 
Total mitral involvement | 31 77.7 per cent | 2 40 per cent 
Total aortic involvement 21 52.5 per cent 5 100 per cent 


*Includes one case of partial heart-block found in the acute bacterial group. 


‘The most striking finding is that of no involvement of the mitral valve 
alone in the. heart-block group as compared to a 45 per cent involvement 
in the group with normal rhythm. The involvement of the aortie valve 
alone and in combination was higher than in the group with normal 
rhythm. The marked predilection for the aortic valve, with disturbances 
in conduction time, was also found in the previously mentioned cases by 
De la Chapelle, Libman and his coworkers, and Winternitz. 

The involvement of the aortic valve was found most often in those 
cases with disturbances in conduction time, particularly disturbances of 
the P-R interval. It was noted less frequently in cases showing no 
rhythmic abnormalities in the course of subacute bacterial endocarditis. 
The same applies when comparison is made to the flutter and fibrillation 
group in which the involvement seemed to occur in the mitral valve alone 
or in the mitral and aortie¢ valves. 

This frequency of aortic involvement in the heart-block group would 
appear to be in keeping with the observations of Tawara who pointed out 
the close relationship of the bundle of His to the anterior and right 
posterior aortic cusps. 

It may be assumed that the irregularities were due entirely to the sub- 
acute bacterial endocarditis, inasmuch as no Aschoff bodies were found 


in the microscopic sections. 
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II. Acute Bacterial Endocarditis 


There were 84 patients studied in this group. Eighty-one died, and 3 
were discharged, unrelieved, at their own request. Autopsies were per- 
formed in 73 eases. There were 56 males and 28 females. The average 
age was thirty-four years, with a range from seventeen months through 
seventy-three years. The average age of the males was thirty-eight years. 
That of the females was twenty-six years. 

In a large percentage of this group the acute bacterial endocarditis was 
not recognized clinically but was demonstrated at autopsy. This is in 
contrast to the subacute bacterial endocarditis group, in the majority of 
whom the diagnosis was made clinically. Many in the group ran a ¢lini- 
eal course typical of subacute bacterial endocarditis and were excluded 
from Group I only because bacteriological evidence of Streptococcus 
viridans or influenza bacteria was lacking and because other organisms 
were found at dutopsy. Twenty-five of the cases were found in the years 
1906 through 1920. The remaining sixty-one oceurred from 1921 through 
1934. 

Bacteriological Findings.—Blood cultures were taken during life in 34 
eases and the organisms found were as follows: 12 Streptococcus hemo- 
lyticus, 7 pneumococeus, 6 Staphylococcus aureus, 2 meningococeus, 2 
gonococcus, 1 Haverhill bacillus, 4 miscellaneous organisms, 

Autopsy Findings.—All eases showed the typical vegetations of bae- 
terial endocarditis. The cases included were only those that yielded 
bacteriological confirmation or demonstrations of organisms in sections. 
All organisms except Streptococcus viridans and Bacillus influenzae were 
ineluded in this group. The majority were the organisms found in the 
living blood cultures. A small group yielded mixed or unidentified or- 
ganisms in cultures and sections. In 72 autopsied cases, involvement was, 
for the most part, as given in Table VIII. 


TABLE VIII 


VALVES INVOLVED 


Aortic alone 27 37.5 per cent® 
Mitral alone 18 25.0 per cent* 
Mitral and aortic 15 20.8 per cent 


*The incidence was reversed as compared to the subacute bacterial endocarditis 
group. 

Past Histories —Thirty-one patients gave histories of rheumatic fever, 
‘heart disease,’’ ‘‘rheumatism,’’ sore throats, or chorea. In 11 eases, no 
past history was obtained. In 19 cases there was no previous history of 


9° 


rheumatic infection, 
In 20 eases of previous rheumatic infections, the years since initial in- 
fection ranged from one through thirty years, with an average of 11.5 


years. 
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Rhythm.—Clinical observations were analyzed in 65 cases and electro- 
cardiograms studied in 19 other cases. The results are given in Table IX. 


TABLE IX 
NUMBER OBSERVATION 

77 Normal, save for sinus arrhythmia or tachycardia 
3 Irregularity without classification 

1 Terminal auricular fibrillation 

3 Gallop rhythm 

3 Premature beats 

1 Partial heart-block 

3 Left ventricular predominance 

3 Right ventricular predominance 


In Table IX the case demonstrating partial heart-block had vegeta- 
tions covering a congenital bicuspid aortic valve. No other valves were 
involved. A predominating gram-negative bacillus was cultured. This 
ease was included in the subacute bacterial endocarditis group with 
heart-block. 

The patient with terminal auricular fibrillation had malignant vegeta- 
tions on the mitral valve and a purulent meningitis. No other valves 
were involved. The mitral valve measured 10.2 em. in cireumference and 
was not stenosed. 


TABLE X 
P-R INTERVALS IN RHEUMATIC FEVER 
AUTHOR CASES PROLONGED P-R INTERVALS 

Swift2s 81 70 86.4 per cent 
Levy and Turner22 403 112 27.8 per cent 
Libman et al.11 65 23 35.3 per cent 
Total 549 205 37.2 per cent 

TABLE XI 


AURICULAR FIBRILLATION IN RHEUMATIC HEART DISEASE 


INCIDENCE OF AURICULAR 
AUTHOR TYPE OF CASE NO. FIBRILLATION 
Laws and Levine17 Died of acute rheumatic 34 12 35.3 per cent 
carditis 
Died of emboli or throm- 17 16 94.1 per cent 
bus 
Winternitz15 Rheumatic endocarditis 120 88 per cent 
with decompensation 
Rheumatic endocarditis 17 5 28.4 per cent 
with emboli and in- 
farcts 
Recurrent polyarthritis 31 2 6.5 per cent 
with old endocarditis 
Bierring® Rheumatic endocarditis 24 3 12.5 per cent — 
De la Chapelle et al.27 |Rheumatic heart disease| 119 42 35.3 per cent 
Stone and Feil28 Severe mitral stenosis 100 53 53.0 per cent 
Davis and Weiss*9 Rheumatic heart disease 164 74 57.0 per cent 
Rheumatic heart disease 25 22 88.0 per cent 
with auricular thrombi 
Total 651 317 48.7 per cent 


319 


NDOCARDITIS 


ERIAL 


BACTI 


0 | ¢ ‘pua ‘qng pus 
I I | I ‘pua ‘qng pue oq 
| Z | Z | “yoeq yronseidg 
| 0 9% | ‘pua 
a 0 _| og ‘pues ‘qng 
I 10¢ ‘pue “qng clown, 
GONVNI | SONVNI | guvaa | ya | 
-Wodaud | | guggyw | NHLAHY| poxyua sud ‘ON ASVO dO Gd AL YOHLAV 
‘MLNGA | | | | | uv 


SILIGUVOOGNG IVINALOVY JO ASUAOD AHL NI 


ITX 


| 
| 

| 

| | 
| 


320 THE AMERICAN HEART JOURNAL 


No Aschoff bodies were found in the microscopic sections in either 
case. 
Comparison of the Cardiac Irregularities in Rheumatic Infections and 

Bacterial Endocarditis 

It was considered advisable to tabulate the irregularities in the course 
of rheumatie fever (Table X), rheumatic heart disease (Table XI), and 
bacterial endocarditis (Table XII) so that comparisons could be made. 
The cases included were single reports and those specifically stating the 
number observed and the irregularity noted. 


TABLE XIII 


WITH REFERENCE TO AURICULAR FIBRILLATION AND FLUTTER 


AURICULAR 


TYPE OF CASE NO. | AURICULAR FIBRILLATION FLUTTER 
Rheumatic heart disease 651 317 48.7 per cent 
Subacute bacterial endoearditis! 1,149 24 2.07 per cent 4 0.35% 
Acute bacterial endocarditis 202 5 2.47 per cent 0 0 
Bacterial endocarditis (Total) 1,351 29 2.14 per cent $ 0.22% 


No attempt was made at this time to determine what percentage of 
rheumatic heart disease cases show auricular flutter. In MeMillan and 
Bellet ’s?® 65 cases of auricular flutter, 16 occurred in patients with rheu- 
matie heart disease. None occurred in patients with subacute bacterial 
endocarditis. It cannot be denied that the incidence of 0.22 per cent 
flutter in the bacterial group is strikingly less than the incidence in rheu- 
matie heart disease. The comparative infrequency of auricular fibrilla- 
tion and flutter in the course of subacute bacterial endocarditis is 
impressive, 

TABLE XIV 
DISTURBANCES IN CONDUCTION TIME 


TYPE OF CASE | NO. | PROLONGED P-R INTERVAL | PROLONGED QRS COMPLEX 
Rheumatic fever | 549 | 205 37.2 per cent Not determined 
Subacute bacterial endo-| 152 | 25 16.4 per cent | 8 5.3 per cent 

carditis | 
Acute bacterial endoear- | 41 3 7.3 per cent 

ditis ia... 0 
Bacterial endocarditis 193 28 14.5 per cent 8 1.1 per cent 


Left bundle-branch block was observed but once in the author’s series. 
It was mentioned as having occurred in one of De la Chapelle and Graef’s 
reported cases and in one of the series of Libman and his associates. 
In both of these eases, extensive ulcerative involvement of the aortie 
valve with extension onto the pulmonic valve was found. Two other 
eases of bundle-branch block in subacute bacterial endocarditis were in- 
cluded in Graybiel and Sprague’s*' 395 cases of bundle-branch block with 
varying etiology. That this abnormality is most unusual in the course of 
subacute bacterial endocarditis cannot be denied. 
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With Reference to Axis Deviation.—This finding was sought in sixty- 
eight electrocardiographed cases of subacute bacterial endocarditis. 
Twenty had left axis deviation, an incidence of 30 per cent. Only three 
had right axis deviation, an incidence of 4.4 per cent. 

With Reference to Premature Beats—Three hundred thirty-one cases 
of subacute bacterial endocarditis, combining both electrocardiographie 
and clinical evidence, were examined with reference to premature beats. 
Twenty-two were reported, an incidence of 6.6 per cent. 

With Reference to Gallop Rhythm.—Four hundred eight cases of sub- 
acute bacterial endocarditis revealed only seven with gallop rhythm, an 
incidence of 1.7 per cent. 


COMMENT 


A comparative study of the eardiae irregularities in the course of 
rheumatie fever, rheumatic heart disease, and bacterial endocarditis re- 
vealed the remarkable infrequency with which cardiac irregularities oe- 
cur in bacterial endocarditis. 

A distinct preference for the aortic valve alone or in combination was 
found in the eases of bacterial endocarditis with heart-block, in contrast 
to the preference for the mitral valve alone or in combination in the cases 
with normal rhythm and in those with fibrillation and flutter. The only 
ease of pulmonic involvement occurred in the prolonged P-R interval 
group and was associated with aortic involvement. The two cases of 
tricuspid involvement were associated with normal rhythm. 

At autopsy the case of left bundle-branch block revealed extensive 
vegetations on the aortic valves with extension onto the pulmonic cusps. 
Two other cases were reported by De la, Chapelie and Graef'® and by 
Libman and his associates.1' These two showed extensive ulcerations in- 
volving the aortic cusps with extension to the bundle of His in the latter 
case. 

The ease of auricular flutter which later changed to a fibrillation and 
finally to showers of extrasystoles at autopsy revealed vegetations on the 
mitral valve with some extension to the aortie valve. The mitral valve 
was but moderately stenotic and measured 9.5 em. in circumference. In 
the ease of auricular flutter reported by De la Chapelle and Graef, the 
mitral valve was moderately thickened, and the orifice was not stenosed. 

In a previous study** the autopsy findings of the present series of eases 
with auricular fibrillation were compared with other reported cases. 
When mitral involvement occurred in the course of subacute bacterial 
endocarditis with flutter or fibrillation, it was usually in the form of 
moderate stenosis, or else mitral regurgitation. No eases of severe mitral 
stenosis were found. The circumference of the mitral valves ranged from 
9.5 through 12.1 em. This was also observed in the eases reported in the 


literature. 
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It does not seem that the rarity of auricular fibrillation in subacute 
bacterial endocarditis can be explained entirely by the infrequent occur- 
rence of severe mitral stenosis in this disease or by the usual association 
of auricular fibrillation with severe mitral stenosis. Over 50 per cent of 
the patients died of terminal circulatory failure in the present series and 
in the reported eases of auricular fibrillation or flutter in subacute bac- 
terial endocarditis. It is generally considered that circulatory failure 
is a rather infrequent complication in the course of subacute bacterial 
endocarditis. 

These observations favor the concept that the occurrence of auricular 
fibrillation in subacute bacterial endocarditis is directly related to the 
integrity of the myocardium and to the physiological and biochemical 
changes underlying the auricular fibrillation rather than to any grade of 
underlying mitral stenosis per se. 


SUMMARY 


1. The literature is reviewed with reference to the cardiac irregulari- 
ties in the course of bacterial endocarditis, rheumatic heart disease, and 
rheumatic fever. 

2. A study of 192 cases of bacterial endocarditis, with electrocardio- 
graphie studies in 67 cases, revealed 4 cases of auricular fibrillation, 2 of 
auricular flutter, 9 of heart-block, 2 of prolonged QRS interval, 1 of pro- 
longed Q-T interval, 1 of left bundle-branch block, 9 of gallop rhythm, 
15 of extrasystoles, 21 of left axis deviation and 6 of right axis deviation. 

3. Prolongation of the P-R interval oceurs more commonly in the cases 
of bacterial endocarditis with involvement of the aortic valves alone, or 
in combination, than in eases of mitral involvement. 

4. Disturbances in conduction time, particularly intraventricular block 
and bundle-branch block, are far less common in bacterial endocarditis 
than in rheumatic heart disease. The same is true of gallop rhythm and 
premature beats. 

5. A statistical study, including all other reported cases, leads one to 
conclude that auricular fibrillation and auricular flutter are rare in the 
course of bacterial endocarditis. 

6. The occurrence of auricular fibrillation and flutter in the course of 
bacterial endocarditis appears to be related to the functional integrity 
of the myocardium rather than to any grade of mitral stenosis in itself. 
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THE FOUR-LEAD ELECTROCARDIOGRAM IN TWO HUNDRED 
NORMAL MEN AND WOMEN* ¢ 


R. A. Sureiey, M.D., anp W. R. M.D. 
CLEVELAND, OHIO 


pe who examines a great number of electrocardiograms learns by 
experience to distinguish normal variations from those produced 
by disease. Before a statistical analysis of an abnormal group of records 
is of any value, however, it is first necessary to determine the averages 
and ranges of a group of normal records so that they may be used as a 
basis for comparison. In view of the fact that the various published 
series of normal records are made up almost exclusively of males,’* the 
present series has included an equal number of males and females so 
that statistical methods might be applied to detect any possible sex varia- 
tions in voltages, intervals, and wave contours. In addition to the three 
conventional leads, a chest lead has been used. 

The series was composed of two hundred individuals, ranging in age 
from twenty to thirty-five years; that is, adults below the period of 
significant arteriosclerotie disease. Averages and ranges of the two sex 
groups were compiled separately and compared, but the two are reported 
here as a whole in instances where there is no significant sex difference. 
The male group was made up entirely of medical students and internes, 
and the female group was composed chiefly of nurses, with a few tech- 
nicians, and secretaries. No one was included in the series who gave any 
history of previous cardiae disease, rheumatic fever, or poor tolerance 
for exercise. All were examined for abnormal physical signs. Heart 
size was determined by palpation and percussion and was checked by 
X-ray examination in instances which will be noted. The blood pressure 
of all subjects was below 135 systolic and 90 diastolic. A moderately 
loud systolie murmur was present over the pulmonic area in about 6 per 
cent, but no individual in whom any other frank murmur could be heard 
was included. No records were withdrawn from the series because of 
their not conforming to a conception of the normal electrocardiogram 
derived from previously published accounts. 

Records were made with a ‘‘Hindle All Electric’’ portable electro- 
cardiograph. The subjects were seated with back inclined to 20 degrees 
from the vertical. The precordial lead was taken from the apex with 
the ‘‘indifferent electrode’’ applied to the left leg (referred to as Lead 
IV in this paper). The apex was located as accurately as possible by 
palpation and percussion. Two additional anterior leads were used in 
twenty-one subjects in order to determine the effect of electrode position 


*From the Department of Medicine of Western Reserve University and from the 
Department of Medicine of Lakeside Hospital, Cleveland, Ohio. 

tRead before the meeting of the American Heart Association, June 11, 1935, in 
Atlantic City, N. J. 
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on the contour of the complexes. An anteroposterior lead was also em- 
ployed in thirty cases in order to compare the tracings with those made 
by the routine leg-apex lead. 

Resistance was reduced to 2,000 ohms or below by careful skin prep- 
aration to prevent distortion of the waves by overshooting and to keep 
string tension great enough to maintain a deflection time of 0.02 second 
or less. Time lines and millimeter lines were recorded on the paper and, 
with the aid of a magnifying glass, measurements were made with an 
accuracy of 0.1 mm. The authors believe that for the determination of 
average values in a given lead an accuracy beyond 0.01 second or 0.1 mm. 
ean rarely be obtained by any method of measurement, as the variations 
due to inherent differences in complexes and the distortions from string 
drift and somatic tremor are generally far beyond these limits. All 
standardizations were 1 em. = 1 mv. 


THE P-WAVE 


Measurements of height and duration of the P-wave were taken from 
that one of the three standard leads in which these values were great- 
est (Table I). In 90 per cent of the cases, Lead II showed the P-wave 
of greatest amplitude; the remaining 10 per cent exhibited it about 
equally in Leads I and III. In the present series the P-wave varied 
from 0.5 mm. to 2.5 mm. in height. There were six records in which it 
was above 2.0 mm. and fifteen records in which it was below 1.0 mm. 
‘The limits given by Pardee* are 1.0 mm. to 2.0 mm. The average meas- 
urement for men in this series was 1.41 mm. and that for women 1.30 
mm. If a sex difference actually exists, it is difficult to demonstrate it 
in a wave of such small amplitude as this. The limits of duration of 
the P-wave were 0.08 second to 0.12 second for men and women alike 
with an average of 0.09 second. The largest figure, 0.12 second, occurred 
in three cases, and in thirteen records the measurement was 0.11 second. 
There was no demonstrable correlation between the duration of the 
P-wave and heart rate. 

TABLE I 


HEIGHT | DURATION | P-R | HEIGHT | DURATION | HEIGHT 


OF P OF P INTERVAL OF QRS OF QRS | OF T 
(MM.) (SEC. ) (SEC. ) (MM.) (SEC. ) (MM.) 
Maximum 3.2 0.12 0.19 19.2 0.12 6.8 
Minimum 0.5 0.08 0.12 5.8 0.06 1.4 
Average 1.41 0.095 0.14 12.4 0.087 | 3.3 
Females 
Maximum 2.5 0.12 0.18 19.7 0.11 4.5 
Minimum 0.7 0.08 0.12 3.6 0.06 | 0.8 
Average 1.30 0.094 0.15 10.8 0.085 | 2.6 
Entire Series 
Maximum 2.5 0.12 0.19 19.7 | @32 6.8 
Minimum 0.5 0.08 0.12 3.6 0.06 0.8 
Average 1.35 0.095 0.145 11.6 0.086 3.0 


AVERAGES AND LIMITS OBTAINED FROM LEADS I, II, ANp III 
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In two-thirds of the records the P-wave was smooth and rounded in all 
leads, but in the remaining third the summit was sharply peaked in one 
or more leads, usually in Leads I and II. This variation in contour was 
not related to amplitude. Notching along the course of the P-wave oc- 
curred in about 30 per cent of the records and was seen in Lead II or 
Lead III about twice as frequently as in Lead I. There was also a 
tendency for the former two leads to be affected together, although only 
one record was seen in which there was notehing in all three leads. No 
instance was encountered in which the P-wave was notched and exceeded 
2.0 mm. in height and 0.10 second in duration, a picture which is char- 
acteristically found in mitral stenosis. 

Inversion of the P-wave occurred in 5 per cent of the records and was 
seen only in Lead III. A diphasic P-wave appeared once in Lead II 
and thirty-one times in Lead III. A correlation has been observed be- 
tween the incidence of inverted P-waves and of inverted T-waves in 
Lead III. Thus, of the records showing inverted P,, 75 per cent also 
showed an inverted T,, while T, was inverted in only 35 per cent of the 
records of the series as a whole. Furthermore, of the total number of 
eases with inverted T,, 11 per cent showed also an inverted P,, whereas 
for the series as a whole P, was inverted in only 5 per cent of the ree- 
ords. The same tendency was found in records with diphasie T- and 
P-waves in Lead III. A similar correlation was demonstrated between 
inverted or diphasie P,-waves and left axis deviation. There were three 
records with inversion of P, QRS, and T in Lead ITI. 

In their series of normal records made with a chest lead, Katz and 
Kissin’ and Master® used the anteroposterior position of the electrodes. 
Master stated that when the posterior electrode position was exchanged 
for a lead from the left leg in thirty individuals, no significant changes 
in the electrocardiogram were noticed. This observation has been par- 
tially verified on thirty individuals in the present series, but it is of 
interest that with regard to the P-wave this finding has not been con- 
firmed. When an A-P lead* was used, 90 per cent of the P-waves were 
inverted, and the remaining were diphasie or isoelectric; while, when 
the left leg and apex were used, P was upright in 25 per cent of the ree- 
ords, diphasie in 29 per cent, inverted in only 45 per cent, and isoelectric 
in 1 per cent. In addition to the greater tendency toward inversion, the 
P-waves by the former method were of greater amplitude and duration 
(Table II). This should lead one to conclude that the A-P position is 
apparently more favorable for recording auricular activity. About 8 per 
cent of the P-waves in records made by the routine leg-apex lead were 
definitely notched and approximately the same number were affected 
when the A-P method was used. 


*The posterior electrode was applied 4 cm. inside the tip of the left scapula, while 
the left arm was hanging at the side. The anterior electrode was at the apex. (An- 
terior electrode right arm terminal, posterior electrode left leg terminal.) 
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TABLE IT 


AVERAGES AND LIMITS OBTAINED FROM LEAD IV 


AMPLI- puraTion |DURATION | HEIGHT AMPLI- 
TUDE OF ae P OF P-R OF QRS OF QRS TUDE OF 
P INTERVAL| (Q+R) T 
(SEC. ) (SEC. ) 
(MM.) (SEC. ) (MM.) (MM.) 
LEG- , | LEG- EG- 
LEAD] | LEAP LEAD | | LEAP LEAD|LEAP 
Males 
Maximum 1.0 }1.0 0.10 | 0.12 | 0.16} | 51.3}41.0} 0.11 | 2340 
Minimum 0 0.2 0.04 | 0.06 | 0.10} _-_| 7.4]13.0} 0.06 3} 2.0 
Average 0.50] 0.68 | 0.07 | 0.086 | 0.13] _-_ | 19.5} 23.6] 0.088} | 5.4] 6.9 
Females 
Maximum ... | 29.5)... | 0.1] oF) 
Entire Series 
Average 0.45]... | 0.07 | --. | 0.13] | | 0.086} -.. | 4.5) 


*Thirty cases. 
THE P-R INTERVAL 


In 75 per cent of the records the maximum P-R interval was found 
in Lead II. The average was 0.15 second, with a minimum of 0.12 second 
and a maximum of 0.19 second. The latter figure was encountered in 
only one record. In 90 per cent of the records the measurement was 
within the range of 0.13 to 0.17 second. Although it is stated that the 
P-R interval decreases with increasing heart rates,‘ no significant sta- 
tistical correlation to this effect could be demonstrated in this series. 
This does not prove, however, that there may not be such a relation in 
any one given individual. 

A depression of the P-R level below the isoelectric line (sometimes 
called the auricular T-wave) was present in one or more leads in 95 per 
cent of the records. The maximum depression, 0.8 mm., was found in 
Lead II in which the negative deflection appeared in 90 per cent of the 
records. It occurred in Lead I in 55 per cent of the cases and in Lead 
IIT in only 30 per cent. It was combined most frequently in Leads I 
and II, in 50 per cent of the records, but was seen in both Leads IT and 
III in 17 per cent of the cases and in all three leads in 11 per cent. No 
instanee was encountered in which it was found in Leads I and IIT to- 
gether. There were two records in which the P-R level was elevated 
above the base line to a height of 0.3 mm. in one ease (Lead IT), and 
0.4 mm. in the other (Lead 1). 

The P-R interval in the leg-apex chest lead tended to be shorter than 
the maximum found in the conventional leads, averaging 0.13 second 
with limits of 0.10 second and 0.16 second. Master® found that the 
auricular T-wave was especially frequent and prominent in the A-P 
chest lead but in this series, with the leg-apex lead used, a slight deflee- 


SHIPLEY AND HALLARAN: EKG STUDY OF 200 NORMAL PERSONS 329 


tion was detectable in only 2 per cent. There was, however, an ap- 
preciable elevation in two-thirds of the records taken by the A-P lead, 


which reached a height of 0.5 mm. in some eases. 
THE QRS COMPLEX 


The voltage of QRS as determined by the maximum deflection in the 
standard three leads showed wider limits of variation than are ordinarily 
recognized (Table I). It is to be noted that the height of QRS of three 
men and twelve women fell below 7 mm. and that of twelve men and 
four women exceeded 17 mm. Of the fifteen below 7 mm., about half 
were in records showing two leads of about equal height with the other 
lead nearly isoelectric, a type of record in which the lowest possible re- 
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cording of the actual manifest potential has been made. There were 
three in the female group with measurements of 5 mm. or below. The 
lowest, 3.6 mm., occurred in an individual with slight scoliosis. Fluoro- 
scopic examination, however, revealed nothing but displacement of the 
heart. Basal metabolism readings were —13 per cent, —14 per cent and 
~15 per cent. The other two individuals with measurements of 4.8 mm. 
and 5.0 mm., respectively, also had normal hearts by fluoroscopic examina- 
tion and had basal metabolic rates of -8 per cent and —12 per cent in 
the first case, and —15 per cent, -18 per cent and —20 per cent in the 
other. None of these three individuals had any clinical evidence of 
hypothyroidism, The voltage of QRS in Lead IV (Q + R) measured 
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9 mm. in the case with the lowest measurement in the conventional leads 
and 8 mm. and 18 mm., respectively, in the latter two instances. The 
low voltage in Leads I, II, and III was therefore not found to be as- 
sociated with a correspondingly low voltage in Lead IV. 

A significant sex variation in voltage is illustrated in Fig. 1. Males 
tend to show a higher voltage than females. The same is true of QRS 
in Lead IV, which suggests that the sex difference is not due to the effect 
of a variation in the position of the heart (Table II). The activity of 
the individuals in both groups was probably about the same. There was 
no correlation between voltage and body size. 

The average duration of QRS was 0.087 second for males and 0.085 
second for females, a difference less than that found by MeGinn and 
White.? The maximum figure, 0.12 second, occurred once and 0.11 
second twice. The time interval of QRS in Lead IV compared closely 
with that in the limb leads (Tables I and IT). 

The presence of a ‘‘deep’’ Q-wave in Lead III in normal subjects has 
been discussed by several authors.*'* In the present series an initial 
downward deflection has been called a Q-wave. When records were 
selected according to the criteria of Pardee,*® there were four with a deep 
Q,, and these were in the male group. In one ease there was left axis 
deviation, in another a border of left axis deviation, in a third a border 
of right axis deviation (see discussion under axis deviation), and in the 
final case no axis deviation was present. T, was inverted in three ree- 
ords and diphasie in the fourth. Roentgenograms revealed hearts of 
normal size and shape, with an anatomical axis within the average range 
in two eases and a slightly horizontal axis in the other two. In all eases 
the chest was relatively broad, and the individual was inclined to be 
stout, but the diaphragm was not considered elevated by the roentgen- 
ologist. 

No records were encountered with ‘‘M’’ or ‘‘W’’ complexes in Lead 
II resembling those described by Edeiken and Wolferth. 

The conformation of QRS in Lead IV was usually of the Q-R diphasie 
type, but there were the following exceptions: In eight instances there 
was only a simple monophasic downward excursion and in four others 
there was an initial R-wave as high as 3 mm. followed by a deep S-wave. 
An ‘‘M”’’ complex with small initial and terminal positive deflections and 
a deep negative middle stroke was encountered seventeen times. Thus, 
in 15 per cent of cases the QRS configuration was not of the usual 
diphasie type and, although there never occurred a complex with an 
absent Q-wave and a high initial deflection (above 3 mm.), as is eneoun- 
tered in myocardial infarction, the statement cannot be made that the 
initial deflection of QRS normally is invariably downward in the leg- 
apex lead. In the thirty cases in which the A-P lead was used, the QRS 
complex was always of the simple Q-R type. 


SHIPLEY AND HALLARAN: EKG STUDY OF 200 NORMAL PERSONS 331 
The average depth of the Q-wave was 9.7 mm. for the entire series, 
with a maximum of 33.0 mm. and a minimum of 1.4 mm. The R-wave 
averaged 7.6 mm. and varied between 31.6 mm. and 0 mm.* Inasmuch 
as the depth of Q tends to vary inversely with the height of R as the 
anterior electrode is shifted to either side of the apical position, the sum 
of Q plus R was determined in order to lessen the effect of errors as- 
sociated with the localization of the apex (Table IT). 


Fig. 2.—Chest lead tracings from two individuals. The “indifferent electrode’ was 
placed on the left leg for complexes a, b and c. Curve @ was made with the anterior 
electrode at the fourth interspace 1 cm. to the left of the sternal margin, Bb was 
obtained with the electrode at the apex in the fifth interspace, and ec with the electrode 
in the sixth interspace at the anterior axillary line. The A-P lead with the anterior 
electrode at the apex was used for the tracing d. 


In twenty-one subjects characteristic changes occurred'* when the ‘‘in- 
different electrode’? was applied to the left leg and the ‘‘exploring 
electrode’’ was placed successively over points at the fourth interspace 
1 em. from the left margin of the sternum, at the apex in the fifth inter- 
space, and at the sixth interspace along the anterior axillary line (Table 


*Complexes with a small initial upstrcke (including ‘‘M’’ complexes) were ex- 
cluded from these tabulations, 
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III). The excursions were larger when the fourth interspace position 
was used and became progressively smaller as the electrode was moved 
out and down to the other two positions. Near the sternal margin at 
the fourth interspace R was relatively high, measuring two to three times 
the depth of Q, at the apex Q and R were about equal, while at the 
anterior axillary line Q was invariably larger than R. The parasternal 
position yielded one ‘‘W’’ complex (5 per cent) with Q- and S-waves 
approaching one-third the height of R. The apex position gave five (25 
per cent) ‘‘M’’ complexes as described above, while the extreme lateral 
position produced eight ‘‘M’’ complexes and three other complexes in 
which a small initial R-wave was followed by a deep S-wave (50 per 
cent) (Fig. 2). It is evident that alterations from the simple Q-R form 
are much more frequent in lateral than in medial positions, 


SLURRING AND NOTCHING OF QRS 


Slurring is caused by a momentary retardation of string movement 
and is visible as an isolated point of thickening along the course of the 
complex. Notching is produced by an actual change in direction of 


10 mv 


A, B. C. 


Fig. 3.—Illustration of three common types of thickening of QRS which are often 
confused with slurring. 


string movement. Both of these deformities are caused by the same 
phenomenon, namely, some alteration in the magnitude or change in 
direction of the progression of electrical potential within the myo- 
cardium. 

Before the incidence and nature of slurring and notching are dis- 
cussed, another type of thickening of the limbs of QRS should be noted 
because it is often confused with true slurring and leads to erroneous 
interpretations of records. This type of thickening is not due to any 
electrical disturbance within the myocardium. It is present when string 
motion is uniformly slow and is characterized by a smooth, even widen- 
ing of a limb of a complex, which is the result of the recording system 
used in the usual string galvanometer. Three common manifestations 
of this thickening are illustrated in Fig. 3. The first type is seen in 
complexes where the string gradually accelerates or retards as it leaves 
or returns to the base line (Fig. 3, A). The seeond is present as a 


=| 
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thickening of the initial and final strokes of a diphasic complex (Fig. 
3, B). The third is seen in the complex of low amplitude where there 
has been no associated narrowing of the QRS interval (Fig. 3, C). (A 
prolonged QRS interval produces the same effect in complexes of average 
height. ) 

In the present series the location of the point of slurring or notching 
and the height of the involved complexes have been noted, for these 
deformities are generally considered to be of more diagnostic significance 
when seen remote from the base line in complexes of relatively high 
amplitude. There have been included as slurring only those instances 
where the point of thickening was present in each successive complex 
and definite enough not to be doubted by any observer. Irregularities 
resulting from artefacts or from a superimposed somatic tremor were 
avoided. 

Thirteen cases showed slurring or notching in Lead I. In five in- 
stances this consisted of very slight thickening at the peak of an R-wave, 
7 to 11 mm. in height. In seven other instances there was definite notch- 
ing or slurring, but all of these complexes were below 5 mm. in height. 
Six of the seven were involved at the peak or on the upstroke of R; 
the remaining one was affected at the peak of an S-wave. One other 
record showed a complex 10 mm. high, slurred near its base at the end 
of R. In three records of the entire group of thirteen, there was as- 
sociated slurring in Lead III, but in all instances the deformities were 
either on small complexes or near the base line in one or both of the 
leads. In no eases were both Leads I and II involved. 

Slurring or notching oceurred in Lead II in nineteen instances. In 
five of these, however, there were deformed R-waves measuring 5 mm. 
or below in height, and in two there appeared small notched Q-waves at 
the base of moderately high R deflections. In three cases there were 
definite deformities at the peaks of R-waves, measuring from 9 to 13 mm. 
in height. Six of the remaining records showed slurring in the middle 
of the downstroke; two had slurring near the base of the downstroke ; 
and one exhibited it at the base of the upstroke, all on R-waves which 
ranged in height from 6 to 9.5 mm. 

In fourteen instances there was slurring or notching in both Leads II 
and III, and in three of such records the deformity was in both leads, 
remote from the base line, on R-waves varying from 8 to 13 mm. in 
height (Fig. 4). These three individuals were subjected to fluoroscopic 
examination and found to have hearts which were considered normal in 
size and contour. The other eleven records showed the deformities in 
one or both leads either within 2 mm. of the base line or on complexes 


below 5 mm. in height. 

Forty-four per cent of the records presented definite slurring or noteh- 
ing of QRS in Lead III. Less than one-third of the involved complexes, 
however, were above 5 mm. in height and were affected at a point be- 
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yond 2 mm. from the base line. The R-wave was involved about three 
times as often as were Q and S together and was commonly affected at 
the peak or along the upstroke. Eight records showed minute triphasic 
‘“W’’ complexes in this lead. 

Pure notching (without slurring) of the QRS deflections in Lead III 
was seen in 23 per cent of the records. Of this group, 47 per cent also 
had inverted T-waves in this lead as contrasted with 35 per cent in- 
version for the series as a whole. Conversely, 30 per cent of the records 
with inverted T-waves in Lead III also had notched QRS complexes in 
the same lead as compared with 23 per cent notching for the entire series. 
There is a slight correlation, but it is not so striking as in the series of 
Pardee* and of Lewis.* 


1.0 mv. 


Lead II 


Lead Il 


Fig. 4.—Curves from two individuals showing notching and slurring in Leads II 
and ITI. 

Contrary to the findings of Katz and Kissin® and of Master,® slurring 
and notching were quite common in Lead IV, appearing there in 40 per 
cent of the records. The incidence and character of the deformity agreed 
very closely in the leg-apex lead and in the A-P lead. Eighty per cent 
of the involved complexes were affected along the course of the Q-wave. 
The small and medium-sized complexes tended to be notched rather than 
slurred and were involved slightly more often than the larger ones, 
which, if affected at all, were usually slurred. When Lead IV was in- 
volved, there was no tendeney toward associated involvement of the three 
conventional leads. In fact, when slurring oceurred in Lead IV, it was 
more likely than not to be absent from the three conventional leads and 


vice versa. 


Lead I 
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The results of this study indicate that in normal records slurring and 
notching are very frequent in Leads III and IV. In Lead III they com- 
monly affect the first part of the R-wave, while in Lead IV, Q is most 
commonly involved. Deformations remote from the base on high com- 
plexes may occasionally be encountered in Leads IT and IIT together. 
The present analysis suggests that slurring and notching do not occur 
in both Leads I and IT or in all three leads together in normal records. 


AXIS DEVIATION 


It is generally considered that when the principal QRS deflections are 
upright in all three of the limb leads and R, is highest of the three, no 
axis deviation is present. The angle of the so-called electrical axis may 
be roughly caleulated by measurements of the heights of the waves in 
any two of the three leads. The angle so determined, however, repre- 
sents only the angle of the axis when the E.M.F. is at its highest value. 
There are in reality an infinite number of electrical axes corresponding 
to the various time components from the beginning of Q to the end of S. 
Aside from the major peak of E.M.F., some records present an addi- 
tional secondary peak. Figure 5 is an example of a record which was 
found with two axes far removed from each other. These bizarre ree- 
ords do not fit well into any simple category. 

At best, the mathematical determination of the electrical axis is only 
a rough approximation, but an attempt was made to calculate it in ree- 
ords with a simple major axis by measurement of the height of the prin- 
cipal QRS deflection in the two leads in which it was highest. The graph 
of Carter and his associates'® was used for ecaleulation. As the axis 
rotates clockwise beyond +90°, R, exceeds R, in height and the principal 
deflection of QRS in Lead I becames inverted, resulting in the picture of 
right axis deviation. No records were found which strictly fulfilled these 
criteria. There were three in which the major deflection in Lead I 
(S-wave) was negative, but R, was not greater than R,. In two other 
records Lead III was greater than Lead II, but Lead I was not inverted 
(ecaleulated angles of 94° and 96°).* One other record was encountered 
in which R, equaled R, and 8, equaled R, (angle of 90°). All of these 
six records might be considered to be on the border of right axis devia- 
tion. The most extreme ‘‘index’’ in the six cases caleulated by the 
formula of White and Bock'® (U,+D,) —(D,+U,) was -16. The de- 
ficiencies of this formula have been pointed out. Five of these six cases 
of bordering right axis deviation were in males, and three of the group 
of six were tall, thin, narrow-chested individuals, while the remaining 
three were of average or slightly stocky build. There were four of the 
group who had x-ray plates, and only one of these had an upright type 
of heart. 


*These discrepancies are undoubtedly the result of inaccuracies in the determination 
of homonomous points of time which are inherent in tracings when two leads are 
not recorded simultaneously. 
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As the electrical axis passes counterclockwise beyond the +30° limit, 
R, becomes greater than R,, and the major deflection of QRS in Lead 
III becomes inverted. Twenty-one such cases were found and were con- 
sidered representations of frank left axis deviation. In seventeen of 
these records the angle was between 0° and 30°, but there were four 
with angles measuring —8°, —24°, -71° and -104°, respectively. The 
only record with an ‘‘index’’ beyond +20 was the one with a —8° angle 
which had an ‘‘index’’ of +22. 

Cases which were considered bordering on left axis deviation were as 
follows: Four in which R, equaled, but did not exceed, R,; eight in 
which R, slightly exceeded R,, but in which the major deflection in 
Lead III was only small and not clearly inverted; and six in which the 
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Fig. 5.—A record with an electrical axis between 0° and +90° and another between 
—90° and -180°. 


depth of S, exceeded the height of R,, but in which R, remained greater 
than R,. Analysis of the records in the latter group by measurement of 
voltages at approximately simultaneous time phases revealed that they 
showed an initial axis in the ‘‘right lower quadrant’’ corresponding with 
the initial upright peaks and a second axis in the ‘‘left upper quadrant’’ 
(deep 8.) following a counterclockwise rotation of the vectors of E.M.F. 
(Fig. 5). 

Of the twenty-one subjects whose electrocardiograms showed left axis 
deviation, only five were slightly obese, and seven were of the broad- 
chested, pyknie type. Twelve had roentgenograms which showed a 
transverse position of the heart in only one ease, and actually an upright 
heart in two others. The absence of correlation between the direction of 
the electrical axis and the anatomical axis is not an unexpected finding. 
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The influence upon the electrical axis of rotation of the heart on its 
longitudinal axis has been clearly shown.** Such undemonstrable varia- 
tions in rotation may entirely overshadow any tipping of the apex up- 
ward or downward. 

The observation has been confirmed that the T-wave in Lead III tends 
to be inverted in records showing left axis deviation unassociated with 
heart disease.'"* Fifteen of the twenty-one records with left axis devia- 
tion had inverted T-waves in Lead III (71 per cent) and of the remain- 
ing six, three had diphasie T-waves in this lead. 

The combination of upright T,, large S., and low T,, as reported by 
Proger and Minnich’® in records showing left axis deviation, was not 
found in any record, but two showed all of these characteristics except 
the low T,; four had simply a deep S.,; and one exhibited only an up- 
right 

THE Q-T INTERVAL 


The observation that the length of the Q-T interval varies with heart 
rate has been made by many investigators.*°** It has been shown, how- 
ever, that the relation does not correspond to a linear function. Most of 
the above observers have adopted the equation QT — K \/ Cyele to ex- 
press the relationship although the average readings of some tended to 
fall more closely along the line of the function QT = K YW Cyele. 

In the present series the Q-T interval was measured from the begin- 
ning of the initial deflection of QRS to the point where the final stroke 
of T just reached the base line. The average of several measurements 

ras taken as the true figure, and these averages were tabulated both for 
Lead II and for that lead in which the Q-T interval was the longest. 
Lead IT showed the longest interval in 95 per cent of instances, while the 
remaining 5 per cent were divided about equally between Leads I and 
IV. Cyele length was measured from the peaks of successive R-waves. 
Ordinarily an average was obtained from the eight to ten cycles in the 
one lead, but, if appreciable sinus arrhythmia existed, an average was 
obtained from the thirty or forty cycles in all four leads. It was ob- 
served that in marked sinus arrhythmia the length of the Q-T interval 
was often remarkably constant from cycle to cycle. This demonstrates 
the importance of caleulating an average R-R interval in such instances, 
for the length of the Q-T interval apparently does not vary precisely 
with the wide fluctuations in cycle length. 

The seatter of the readings in this series was so wide and the range 
of heart rates so narrow that it was impossible to construct an equation 
that was of any theoretical significance. It may be seen by the diagram 
that the general trend lies between the square root and the eube root 
eurves (Fig. 6). For practical application it probably makes little dif- 
ference which equation is adopted. When the measurements taken from 
Lead II were used, the average K for the closest square root function 
was found to be 0.397 in males and 0.415 in females, with a range be- 
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tween 0.337 and 0.433 for the former and between 0.380 and 0.456 for 
the latter. The same values obtained when the cube root function was 
used were average K for males 0.382, for females 0.394; limits of K in 
males 0.333 to 0.420, in females 0.359 to 0.482. The average values of 
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Fig. 6.—The relation of the Q-T interval to cycle length. 


K determined by measurements from the lead of longest Q-T interval 
were all exactly 0.001 higher than the above averages from the Lead II 
readings. 

The above values are higher than those reported by others although 
the existence of a sex difference has been confirmed. The rather wide 
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variation in values of K obtained by various observers is undoubtedly 
due to differences in methods of measurement. One is therefore obliged 
to use his own series of normal controls in studying a group of patho- 
logical cases. 

THE S-T LEVEL 


The level between the QRS complex and the T-wave is influenced not 
only by ventricular events but also by the so-called auricular T-wave. 
The character of the latter wave is best seen-in records with A-V block, 
where isolated P-waves may be observed. The auricular T-wave is visible 
as a rounded depression immediately following the P-wave. If, as stated 
by Sprague and White,*> the wave persists for 0.34 to 0.42 second, it is 
evident that the S-T interval will be invaded by it and correspondingly 
depressed. If the wave invariably causes an S-T depression exactly 
equal to the P-R depression, then the P-R level should be the correct 
point from which to measure any superimposed ventricular deviations 
of the S-T level. The tendency of the auricular T-wave to begin a slope 
back toward the base line soon after reaching its lowest point at the 
bottom of the P-R level, however, introduces an error into such measure- 
ments. The usual isoelectric level of ventricular activity, therefore, 
probably lies about midway between the base line and the P-R level. 
Thus, because of the presence of the auricular T-wave, ventricular devi- 
ations measured from the P-R level will tend to be too high and those 
measured from the base line too low. 

The various measurements of S-T deviation which were obtained are 
analyzed in Table IV. The point selected for measurement was the 
beginning of the S-T segment. Except for elevations of the S-T segment 
from the base line and depressions from the P-R level, which are in- 
variably due to ventricular effect, it cannot be determined with certainty 
in a given instance whether auricle or ventricle is chiefly responsible for 
the position of the S-T segment, for its level is the result of an algebraic 
summation of the two effects. A more accurate indication of the part 
played by the ventricle may be obtained from Table V, which was con- 
structed from 250 complexes in which the level of the S-T segment was 
not disturbed by the presence of an auricular T-wave. It may be seen 
that the segment is more often elevated than depressed, that elevations 
are most frequent and highest in males and in Lead II, and that depres- 
sions are most common and deepest in females and in Lead ITI. 

In ordinary electrocardiagraphie practice the P-R level, because of 
its proximity, is usually the easiest point from which to measure the 
level of the S-T line. The limits of normal deviation for Leads I, II, and 
III by this method were 1.3 mm. above the level and 0.5 mm. below it. 
Measurements above 1 mm. were invariably associated with a rather 
deeply depressed P-R level. 

It should be noted that all of the deviations measuring above 0.5 mm. 
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were accompanied by QRS deflections higher than 5 mm. A deviation 
as great as 1 mm. in a complex of low amplitude is most likely of patho- 
logical significance. It must be remembered, however, that slight devia- 
tions of the S-T level occur frequently and do not signify a diseased 
heart. 

TABLE V 


DEVIATION OF THE S-T LEVEL IN CASES WITHOUT AURICULAR T-WAVE 


LEAD I LEAD II | LEAD III 
EN- EN- | EN- 
MALES} FE- | tire |MALES| FE- | |Maues| FE- | 
MALES|/SERIES MALES/SERIES| MALES!SERIES 
Per cent with positive 17 | 25 11 25 16 | 22 6 1 4 
deviation 
Per cent with negative 2 2.5 2 0 Fs 9) 7 6 
deviation 


In Lead IV, where the auricular T-waves are usually absent, there 
was no appreciable discrepancy between the measurements of the S-T 
interval from the base line or from the P-R line. There was an exception 
to this in only four records with positive auricular T-waves. Elevation 
of S-T from either level occurred only four times; the maximum was 
0.6 mm. Depression occurred in over half the records (110 times) with 
a maximum of —2.0 mm. 

The contour of the S-T segment was also noted. It was observed that 
in the great majority of instances the line began a gradual slope toward 
the T-wave almost immediately from the end of the QRS wave or after 
a short level interval. Exceptions were as follows: (1) Twenty records 
with an upward convexity associated with an inverted T-wave in Lead 
III (similar to the picture seen in coronary disease in Leads I or II). 
(2) Ten records with a downward concavity followed by an upright 
T-wave. Two-thirds of these were found in Lead III. (3) Four ree- 
ords with an upward convexity in Lead IV followed by the usual in- 
verted T-wave. The rounding of the S-T segment is often difficult to 
distinguish from a similar effect occasionally produced by the terminal 
portion of QRS when the latter gradually slopes toward the S-T interval 
as in Figure 3, A. 

THE T-WAVE 


In Lead I, T was always upright and of smooth contour. The same 
was true of the T-wave in Lead II, with the exception of two records in 
which it was notched and one record in which it was diphasic. In the 
latter record the two components measured 0.5 mm. each. When the 
record was repeated later, the wave was clearly upright and measured 
0.5 mm. In Lead III, T was isoelectric onee, diphasiec thirty times, and 
inverted seventy times (forty-eight times in females and twenty-two 
All of the T-waves were inverted in the routine Lead 


times in males). 
IV and in the A-P (apex) chest lead. 
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A shift of the anterior chest electrode to either side of the apex af- 
fected the contour of the T-wave to a less extent than it did that of 
QRS, but certain variations are worthy of note. The deepest T-waves 
were seen in the A-P lead. When the left leg was used, the apex posi- 
tion gave the largest T deflection, while the smallest waves were found 
in the lead from the anterior axillary line. When the T-wave was shal- 
low in the chest lead, there was occasionally a change in polarity conse- 
quent to change in position. Among thirty records in which multiple 
chest leads were used, there were four instances showing small inverted 
T-waves by the apex lead, but upright waves of the same amplitude by 
the fourth interspace lead. 
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VOLTAGE OF T-nv 
Fig. 7.—Frequency curves showing a sex difference in the voltage of the T-wave 
(Leads I, II, and IIT). 
The height of the T-wave in the conventional three leads showed the 
same sex difference as the QRS complex (Fig. 7). Lead IV similarly 
showed higher values for males than for females (Table II). 


ARRHYTHMIAS 


An appreciable sinus arrhythmia was present in 46 per cent of the ree- 
ords, occurring about equally in males and in females. It was so appar- 
ent that measurement of the successive R-R intervals was unnecessary. 

Two women, whose hearts were normal by roentgenographie study, 
exhibited a shifting pacemaker. There were two cases with occasional 
premature beats, one of the auricular and the other of the ventricular 


type. 
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SUMMARY 


1. The maximum, minimum, and average measurements of the various 
wave voltages and intervals in the electrocardiograms of two hundred 
normal men and women have been tabulated. 

2. Males showed higher voltages of QRS and of T than females, both 
in the conventional three leads and in the chest lead. The average ampli- 
tude of the highest QRS in Leads I, II, and III for males was 12.4 mm., 
for females 10.8 mm.; the average amplitude of T was 3.3 mm. for males 
and 2.6 mm. for females. ) 

3. Slurring and notching of QRS were common in Leads III and IV, 
were occasionally seen in Leads I or II, but were not encountered in 
Leads I and II together or in all three limb leads. 

4. Frank right axis deviation was not encountered, although approxi- 
mately 10 per cent of records showed definite left axis deviation (angle 
less than +80°). 

5. Slight deviations of the S-T level were common. The limits of 
deviation measured from the P-R level were 1 mm. above this level and 
0.5 mm. below in Leads I, II, and III, except in cases of a deeply de- 
pressed P-R level when the elevation sometimes slightly exceeded 1 mm. 
The limits of deviation in Lead IV (left leg and apex) were 0.6 mm. 
above the line and 2.0 mm. below. 

6. There were no instances of definitely inverted or diphasie T-waves 
in Leads I or II, although 35 per cent of the records had inverted T- 
waves in Lead III. The T-wave was invariably inverted in Lead IV. 

7. It cannot be said that the character of a chest lead tracing is un- 
affected when the posterior lead is exchanged for a lead from the left 
leg. The chief differences encountered when such a shift was made were 
changes in the polarity of the P-wave, decrease in wave voltages, and 
frequent departure from the simple Q-R type of QRS complex so that 
there was occasionally a small initial upward deflection before the usual 
deep downward excursion. 


We wish to express our appreciation to Dr. Harold Feil for his encouragement and 
helpful suggestions and to Mrs. Mary Salmon Brindle and Miss Elizabeth Zschiesche 
for their cooperation in making the records. 
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THE INITIAL VENTRICULAR DEFLECTION IN THE 
ELECTROCARDIOGRAMS OF NORMAL SUBJECTS* 


CHARLES E. KossmMann, M.D., Margery SHeEArer, M.D., 
AND Meyer TExon, M.D. 
New York, N. Y. 


S A result of several extensive electrocardiographic studies in 
coronary occlusion, knowledge of the diagnostic significance of 
the initial ventricular deflection has greatly increased in the last few 
years. In Lead III its importance has been recognized for a longer 
time than in the other leads. Many articles** have appeared in the 
literature to justify Pardee’s contention that the Q,-wave, when of such 
proportions as to fit his now well-known criteria,t is indicative of 
myocardial disease, although there is some difference of opinion re- 
garding the type with which it is most frequently associated. In 
normal subjects, the deep Q.-wave as defined by these criteria, is a 
rarity.{ It is said to occur, however, with high positions of the 
diaphragm and consequent upward displacement of the heart as in 
pregnancy,* *° and during deep expiration.’ 

The importance of the prominent Q deflection in Leads I and II has 
come to light more recently. Although Fenichel and Kugell® in 1931 
suggested that a large Q-wave in these leads may have a significance 
similar to that of the same deflection in Lead III, it was not until two 
years later that Wilson and his coworkers’? demonstrated the truth of 
this in coronary occlusion. They called attention to the frequent asso- 
ciation of a broad, prominent Q, with the T, changes described by 
Parkinson and Bedford'* that occur during the early stages of myo- 
cardial infarction. Accompanying the T, changes of the latter investi- 
gators, Wilson and his group have noted a large Q in Leads II and 
III. Electroecardiograms with these characteristics are now known as 
the Q, and the Q, types, respectively. The first is the result of infare- 
tion in the anterior wall, the second of infaretion in the posterior wall 
of the heart, but exceptions occur. Barnes’® has noted similar altera- 
tions in the initial ventricular deflections in cases of coronary occlusion. 
From these observations it is clear that the Q-wave is of importance 
in all three leads both in the diagnosis and the localization of infarcts. 
This importance is enhanced by the fact that the abnormal Q once 


developed is usually permanent. 


*From the Department of Therapeutics, New York University College of Medicine, 
New York. 

7Pardee’s criteria for the deep Qs are: (1) Qs is 25 per cent or more of the largest 
QRS deflection in whichever lead it may occur; (2) there is either normal or left 
deviation of the electrical axis; (3) curves showing an S-wave or the absence of the 
R-wave in Lead III are exluded. Likewise M- and W-shaped curves are excluded. 

tIn_the combined normal series of Lewis and Gilder’, Cohn", Master, Pardee’, 
and Edeiken and Wolferth* it was found twice in the electrocardiograms of 1102 
young male adults including 116 normal athletes. 
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In an attempt to define more satisfactorily the Q, and Q, electro- 
cardiograms of Wilson, and at the same time to differentiate between 
these types due to coronary disease and similar ones due to other causes, 
Durant” has formulated certain quantitative criteria. Examination 
of these makes it clear that from the comparative size of the Q-waves 
it is possible to infer correctly in a large percentage of cases the pres- 
ence of coronary occlusion. There is one difficulty, however, which 
Durant has admitted, namely that the criteria will eliminate certain 
eases of coronary disease as well as cases of noneoronary disease. It is, 
of course, not to be expected that any rules that may be formulated to 
differentiate the normal from the abnormal will hold good in all eases. 
Until the origin of the Q-wave is known in all ecases,”" the ideal will 
be only remotely approached. In spite of these limitations a finer 
gauge than at present exists seems possible. To this end we have studied 
in detail the incidence and quantitative relationships of the Q deflection 
in the three leads of the electrocardiograms of normal subjects. It is 
hoped that these data will serve as standards with which the Q-wave 
in any type of heart disease may be compared. 


METHOD 


From an original group of 200 subjects, 22 had to be eliminated because of 
eardiac murmurs, persistently elevated blood pressures, or roentgenographic evidence 
of enlarged heart. The majority of the 178 finally selected were medical students; 
a small number were physicians and laboratory assistants. Of these fifteen were 
women. The ages varied from sixteen to thirty years. In each case a careful 
history was taken, and a thorough cardiac examination carried out.* All hearts 
were found to be roentgenographically negative although the lungs in a considerable 
percentage of subjects showed mild chronic changes, such as fibrosis at the roots, 
thickened interlobar pleura, small calcific foci, and the like. Only one case showed 
a well-healed, inactive, pulmonary lesion, most likely of tuberculous origin, in the 
right apex. 

On each subject a series of five electrocardiogramst was taken, the first four of 
the series in the sitting position, the last in the fully recumbent position. The 
interval over which a series was made in any individual was approximately four 
weeks in more than 60 per cent of the group. The remainder, with three exceptions, 
were completed in thirty-two weeks or less. In one of the exceptions, the time be- 
tween the first and the last tracing was a year, while in each of the other two it was 
thirty-two months. For the present report we have made an analysis of the 
first and the last curves of each series. Intermediate curves have been observed only 
for variations in the size of the Q deflection over a period of time. Since these 
variations were insignificant, no further reference to them will be made. With 
every electrocardiogram a simultaneous pneumogram was recorded. The pneumo- 
graph used consisted of a piece of rubber tubing containing a wire spring snugly 
fastened about the chest. The cavity of the tube was continuous with a recording 
tambour so placed in front of the camera that a downward movement in the finished 
record represented inspiration. The lag in this instrument was less than 0.01 second. 


*The forms used to record the histories and physical examinations were those 
provided by the New York Heart Association, and used by the Association in the New 
York City Cardiac Clinics. 

+A Hindle Electrocardiograph No. 1 made by Cambridge Instrument Co. was used. 
The string resistance was 3800 ohms. 
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We have named any initial downward movement of the string shadow Q regard- 
less of the nature of the remainder of the ventricular deflections. The absolute 
size of the Q-waves in the various phases of respiration and with the subject in 
both the sitting and recumbent positions was determined and corrected, if stand- 
ardization of the instrument was erroneous. The largest QRS deflection in each lead 
was also noted. 


RESULTS 


Some of the electrocardiograms in this series were not within the nor- 
mal limits, as these are now generally accepted. Several showed high 
voltage (largest QRS deflection over 2.0 millivolts). Only one showed 
a QRS duration greater than 0.1 second. There were 29 with left axis 
deviation or tendency to left axis deviation. Of these, only 5 showed 
a negative angle alpha calculated by the method of Carter, Richter, 
and Greene.??. There were 17 instances of right axis deviation or tend- 
eney to right axis deviation. The maximum angle alpha of these was 
+107 degrees found during normal respiration with the subject in the 
sitting position. These and other unusual findings in electrocardiograms 
of normal persons will be taken up in greater detail in a subsequent 
paper. Since each individual was carefully studied physically and 
roentgenographically, it is felt that the group may be justly considered 
an adequate random sample of normal, young adults. 

Incidence of the Normal Q Deflection—Table I shows, in addition 
to other data, the incidence of the Q in the three leads during normal 
respiration, with the subject in both the sitting and the recumbent 
positions. The occurrence of Q may be simply restated as follows: 
In any ten normal electrocardiograms a Q deflection may be expected 
in Lead I approximately four times, and in Lead II or Lead III slightly 
more than six times. In all leads these figures are somewhat higher 
for the recumbent than for the sitting position of the subject. They are 
not affected a great deal by the phases of normal respiration. 

Closer examination reveals that these data are inadequate since they tell 
one nothing about the frequency of Q in any combination of leads, or 
in any one lead to the exclusion of the others. Table II gives these 
details. In compiling it, we regarded a Q-wave as present if seen in 
inspiration, expiration, or both. It is obvious that Q is most commonly 
found in Leads II and III together (69 instances, or 38.7 per cent 
sitting, and 66 instances, or 37.1 per cent recumbent). This is the 
combination to which much pathological significance is attached, more 
especially when it is associated with RS-T segment and T-wave changes 
in these leads.’* In this series RS-T displacement was never 
great, and no inverted T-waves were found in Leads I or II. However, 
an inverted T-wave was present in 46 instances. In 22 of these a Q, 
and a Q, were present when the subject was sitting, and in 9 when the 
subject was reclining. Since this combination occurs normally, there 
is obviously a need for a strict quantitative set of standards for dis- 
tinguishing the normal from the abnormal. 
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TABLE II 


Incidence of the Q deflection during normal respiration in each lead and in combina- 
tions of the three leads. In compiling this table, we regarded a Q-wave 
as present if seen in either or both phases of normal respiration. 


ANY | | ONLY | ONLY 
LEAD III 
Sitting |Cases 19 23 4 16 16 2 | 69 | 29 /178 
Per cent total/10.7% |12.9%| 2.2% | 9.0% | 9.0% | 1.2% |38.7%|16.3%| 100% 
Recum- |Cases 16| 26 | 5 | 14 13 3 66 | 35 |178 
bent |Per cent tota]| 9.0% |14.6%| 2.8% | 7.9% | 7.3% | 1.7% |37.1%| 19.6%| 100% 


Referring to Table II again it will be noted that the least common 
combination was a Q-wave in Leads I and III. Not an inconsiderable 
number of subjects (23, or 12.9 per cent, sitting and 26, or 14.6 per 
cent, recumbent) showed this deflection in Lead I only. 


TABLE III 


A comparison of the present normal series with that of Lewis and Gilder. Minimum, 
maximum, and mean Q’s are given in tenths of a millivolt. (See text 
for explanation of high maxima in present series.) 


PRESENT SERIES 
178 NORMALS 
| | MEAN OF 


LEWIS AND GILDER 
52 NORMALS 


LEAD | | 
MIN. MAX. MEAN MIN. | MAX. MEAN INSP. AND 
I 0 20 0.51 Insp 0 | 40 | O41 | 
| 0 | 40 | 042 | 
II 2.5 0.73 | Exp. 0 | 5.0 | 0.79 | 
Insp. 0 | 60 | 0.98 
0.86 | Exp. 0 | 70 | 102 | 120 


Size of the Normal Q Deflection—Table III shows how the mean 
values of Q obtained from this series of 178 compares with similar 
values obtained by Lewis and Gilder in 52 normal subjects. Since the 
latter study was carried out with the subjects in the sitting position, 
values obtained similarly in this study are given. The two series are 
not strictly comparable, however, since we have studied electro- 
cardiograms of physically and roentgenographically normal adults, while 
Lewis and Gilder eliminated one case from their series on electrocardio- 
graphie grounds only. The greatest difference between the two is seen 
in the maximum Q-waves obtained. The number of these deflections 
in the present series that exceeded the maxima of Lewis in either phase 
of normal respiration were four in Lead I, five in Lead II, and seven- 
teen in Lead III. The four exceptions showed a tendency to high 
voltage (largest QRS deflection greater than 1.9 millivolts) in Lead I, 
Lead II, or both. Of the five exceptions in Lead II, four also showed 
high voltage. The other (Case 128) displayed right axis deviation 
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with an angle alpha of +107 degrees. In Lead III of the seventeen exceed- 
ing Lewis’ maximum of 0.25 millivolt, there were eleven with a Q-wave 
depth of 0.3 millivolt, almost all of which showed no other unusual 
electrocardiographic features. The remaining six, with an _ initial 
downward deflection varying in size from 0.35 to 0.7 millivolt, showed 
in every instance some electrocardiographic peculiarity. There were 
three with R-waves exceeding 2.0 millivolts, two with right axis devia- 
tion or a tendency to it (angle alpha +107 degrees and +77 degrees 
respectively), and one (Case 101) with a deep initial deflection in 
expiration only. In the last an upward movement of considerable size 
preceded the downward movement of the string during normal in- 
spiration. 

The unusually large Q-waves in the tracings discussed greatly influ- 
ence the mean values given in Table III. If all those exceeding Lewis’ 
maxima are eliminated, the means for both phases of respiration given 
in the table become: 


Lead I—0.37; Lead II—0.71; Lead ILI—0.86. 


In Leads II and III these are almost identical with similar figures 
given by Lewis and Gilder. In Lead I, however, the mean size of Q 
is much lower in this series. 

Table I gives perhaps a better conception of the size of the average 
Q-wave in this group of 178 subjects, since the means given there were 
calculated only from those curves, indicated by incidence, that showed 
this deflection. In each lead, four values of Q were obtained from its 
occurrence during normal inspiration and normal expiration with the 
subject in both the sitting and recumbent positions. Normal respiration 
had little effect on the mean size of Q. In only a few instances 
(usually in Lead III) did this deflection vary by as much as 0.1 
millivolt during quiet breathing, and in over 90 per cent of curves 
showing a Q-wave it did not vary at all. On the other hand, position 
of the body had effects as shown. In individual curves, variations caused 
by recumbency did not exceed 0.1 millivolt in Leads I or II. Greater 
changes than this did occur in Lead III, however. The number of 
Q-waves that were increased, decreased, or unaffected by the supine 
position of the subject were evenly divided so that in any lead during 
normal inspiration or expiration approximately one-third fell under 
each of these three classes. 

The standard deviations and the coefficients of variation given in 
Table I indicate the dispersion of the variates. Obviously these and 
the means of absolute Q size would be reduced somewhat by omitting 
curves exhibiting right axis deviation or high voltage. 

Normal Q-Wave Expressed as a Percentage of Other QRS Deflections. 
—The size of each Q-wave was calculated in terms of the largest QRS 
deflection in its own lead, and of the largest QRS deflection in what- 
ever lead it occurred. The mean values of each of these in percentages 
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are given in Table I with the standard deviations and coefficients of 
variation. The great variability of Q, expressed as a percentage of 
other Lead III deflections with the subject in a sitting position is evi- 
dent from the standard deviations and the coefficients of variation. 
This is a natural corollary of the great variability of the normal initial 
ventricular deflections seen in Lead ITI. 

Maxima of Absolute and Relative Q Size—From the data thus far 
presented we have set down certain maxima of absolute and relative 
size of the normal Q-wave that may be used as criteria. These were 
determined from the frequency tables constructed for the calculation 
of the various statistical constants, and are presented in Table V. 
There were nineteen subjects with curves that exceeded one or more 
of the maximum values given. Of these, however, twelve showed either 
an R-wave in one or more leads exceeding 1.9 millivolis, or a tend- 
ency to right axis deviation (angle alpha greater than + 75 degrees). 
As would be expected, those with the latter peculiarity exceeded the 
maxima in Lead III, or Leads II and III. The remaining seven sub- 
jects are indicated in Table V. Their case numbers have been placed 
under those maxima which their curves exceeded. Some remarks on 


TABLE LV 


The Q deflection as found in electrocardiograms of 178 normal young adults during 
forced inspiration and expiration. This table is in every respect like Table I 
except that the standard deviations and coefficients of variation 
have been omitted. 


SITTING POSITION RECUMBENT POSITION 
Q PER- Q PER- Q PER- | Q PER- 
CENTAGE OF |CENTAGE OF CENTAGE OF |CENTAGE OF 
Q IN LARGEST | LARGEST Q IN LARGEST | LARGEST 
TENTHS OF | QRS DE- QRS DE- | TENTHS OF} QRS DE- QRS DE- 
A FLECTION | FLECTION A FLECTION | FLECTION 
MILLIVOLT IN IN MILLIVOLT IN IN 
ITS OWN | ALL THREE ITS OWN | ALL THREE 
LEAD LEADS LEAD LEADS 
Lead I 
D F 0.87 | 11.3 | 6.5 0.80 | 12.5 | 6.0 
a | 60 cases or 33.8% | | 69 cases or 38.8% | 
p 0.99 | 10.2 | 7.3 0.89 11.0 6.4 
, oe | 65 eases or 36.6% | | 71 cases or 39.9% | 
Lead II 
D ? 1.15 | 6.9 | 6.5 1.19 | 6.9 | 6.8 
a re | 108 cases or 60.7% | | 109 cases or 61.3% | 
D 1.23 | 7.4 | 7.3 1.30 7.4 | 7.3 
e 
— | 114 eases or 64.1% | | 118 cases or 66.2% 
Lead III 
ins 132 | 106 | 8.3 1.26 | 97 | 74 
a | 106 cases or 59.5% | | 102 eases or 57.38% | 


D | 143 | 114 | 8.2 
eep exp. | 109 eases or 61.5% | | 111 eases or 62.4% | 
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them seem necessary. Subject 161 showed an R, of 1.9 millivolts in 
the sitting position which decreased to 1.6 millivolts with recumbency. 
Q, was 0.4 millivolt and 0.3 millivolt with the subject sitting and re- 
clining, respectively. Since the criteria are not applicable to high 
voltage curves, this Q exceeded the maximum of absolute size only when 
the subject was recumbent. This is the only undisputed instance in 
which this was true, for, as previously noted, the electrocardiograms 
of subject 101 showed a deep initial downward movement of the string 
shadow during normal expiration only. Subjects 104 and 223 had low, 
vibratory complexes in Lead III. The remaining three (subjects 32, 
113, 174) showed no electrocardiographie peculiarities. It will be 
noted that the last five mentioned exceeded the maxima of relative Q 
size only. It is clear from the table and discussion that Q, expressed 
as a percentage of the highest ventricular deflection in Lead III is a 
difficult normal to define, and is not as valuable a measurement as Q, 
expressed as a percentage of the largest QRS deflection in all three 
leads. 

No curve in this series displayed a Q, that exceeded Pardee’s criteria 
for the maximum normal size of this deflection. 

Effect of Deep Respiration on the Normal Q Deflection.—The effects 
of deep respiration on the normal Q-wave are summarized in Tables 
IV, VI, and VII. Table IV is similar to Table I except that the 
standard deviations and the coefficients of variations have been omitted. 


TABLE VI 


Number and percentage of total Q-waves seen during normal inspiration that were 


= SITTING POSITION RECUMBENT POSITION 

LEAD IN- DE- ng m | i. 
CREASED|CREASED SAMS | TOTAL CREASED|CREASED| 

I 3 32 34 69 5 29 |} 42 76 
4.3% | 46.4% | 49.3% | 100% 6.6% | 38.2% | 55.2% 100% 

It 13 47 59 =| 4 | 65 | 121 
10.9% | 39.5% | 49.6% | 100% 9.1% | 37.2% | 53.7% | 100% 

III 18 54 43 115 9 45 | 62 116 
15.6% | 47.0% | 37.4% | 100% | 7.8% | 38.8% | 53.4% | 100% 


The statement that a high position of the diaphragm as in deep 
expiration tends to increase the size of Q, was true in almost 50 per 
cent of the electrocardiograms taken with the subject sitting, if the 
comparison was made with the size of the wave during deep inspira- 
tion. Approximately 10 per cent were smaller, and the remainder 
unaffected. With the subject reclining, only 35 per cent were larger 
during deep expiration. When, on the other hand, Q size during 
normal expiration was used as a point of comparison, deep expira- 
tion affected the Q-wave as seen in Table VII. It shows that less than 
25 per cent were increased when the subject was sitting, and only 12.4 
per cent when the subject was reclining. 


increased, decreased, or unaffected by deep inspiration. 
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TABLE VII 


Number and percentage of total Q-waves seen during normal expiration that were 
increased, decreased, or unaffected by deep expiration. 


SITTING POSITION RECUMBENT POSITION 
LEAD IN- - 

CREASED SAME | TOTAL® SAME | ZOTAL" 
I 8 | 2 39 72 8 | 20 50 | 78 

11.1% | 34.7% | 54.2% | 100% | 10.3% | 25.6% | 64.1% | 100% 
II 28 | 29 62 | 119 14° 17 91 | 122 

23.5% | 24.3% | 52.2% | 100% | 11.5% | 13.9% | 74.6% | 100% 
Til 25 | 30 56 | 111 14 | 16 3 | 113 

22.5% | 27.3% | 50.2% | 100% | 12.4% | 14.2% | 73.4% | 100% 


*The totals in Tables VI and VII differ from those given for incidence in Tables 
I and IV because in a few instances in each lead, a Q-wave not present during normal 
respiration was present during deep respiration. The reverse was also true in a few 
cases. 


SUMMARY 


1, Electrocardiograms of 178 young normal adults were taken with 
the subjects in both the sitting and the fully recumbent positions. 
Simultaneous pneumograms were recorded. 

2. The incidence and the absolute and relative size of the Q-waves 
were determined. The effects of body position and the phases of normal 
and forced respiration on these were studied. 

3. In either the sitting or reeumbent position of the subject, and dur- 
ing either phase of normal respiration approximately 40 per cent of 
the electrocardiograms showed a Q-wave in Lead I, and 60 per cent 
in Lead II or in Lead III. Slightly less than 40 per cent showed a 
Q-wave in Lead II and in Lead III. 

4. In either the sitting or recumbent position of the subject, and dur- 
ing either phase of normal respiration the maximum, normal Q was 
0.2 millivolt in Lead I, 0.25 millivolt in Lead II, and 0.3 millivolt in 
Lead III. The maximum normal Q expressed as a percentage of the 
highest QRS deflection in whatever lead it occurred was 15 per cent 
in Lead I, 20 per cent in Lead II, and 25 per cent in Lead III. The 
maximum normal Q expressed as a percentage of the highest QRS 
deflection in its own lead was 20 per cent in Lead I, 15 per cent in 
Lead II, and 50 per cent in Lead III. The last was reduced by re- 
eumbency to 30 per cent. 

5. These maxima did not hold for any lead if an R-wave of 1.9 milli- 
volts or more was present. They did not hold for Leads II and III if there 
was right axis deviation or an angle alpha greater than + 75 degrees. 

The authors express their appreciation to Dr. Arthur C. DeGraff for supervision 
of this work. 
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THE CLINICAL DIAGNOSIS OF TRICUSPID STENOSIS 


Report OF A CASE COMPLICATED BY PAROXYSMAL NopAL TACHYCARDIA 
AND A-V DISsocIATION* 


RicHarp Durricy FRIEDLANDER, M:D., AND J. Kerr, M.D., 
SAN FRANcisco, CAuir. 


CQUIRED tricuspid stenosis is rarely diagnosed ante mortem. 

Zeisler’ states that a review of the world literature to 1933 reveals 

only 250 such eases, the correct diagnosis having been made ante mortem 

in only 31 eases. Such an uncommon cardiac lesion, once suspected, is 

of particular interest to the cardiologist if for no other reason than from 
the standpoint of diagnostic acumen. 

The earlier discussions on this subject were somewhat equivocal and 
stressed the deceptiveness of the symptoms and physical signs. Later 
reports of verified cases, however, have been more explicit. The almost 
invariable association of this lesion with mitral stenosis complicates its 
detection. The relative tricuspid insufficiency that frequently occurs 
with mitral stenosis may present temporarily a confusing picture, yet 
tricuspid incompeteney has been shown by Kerr and Warren? to be a 
very common finding in heart failure and should be easily recognized 
and correctly diagnosed. In several rare instances, pericardial effusion 
and adhesive pericarditis have been described as simulating tricuspid 
stenosis.* However, when such complicating factors are reasonably ruled 
out by various diagnostic methods, the pathological physiology associ- 
ated with tricuspid stenosis has been found to produce the following 
clinical manifestations : 

1. Dyspnea on exertion, practically always present and usually out of 
proportion to that observed in mitral stenosis. 

2. Cyanosis of varying degree, often marked. 

3. Distention of the cervieal and brachial veins, with presystolie pulsa- 
tions or large ‘‘a’’ waves in the phlebogram. In some instances, com- 
bined inspection of the apex beat and jugular pulse may show the exag- 
gerated wave to be synchronous with contraction of the auricles, even 
without the aid of instruments. 

4. Enlargement of the liver, with auricular pulsations detectable 
either by palpation or with the aid of hepatie pulse tracings. Double 
hepatie pulsations may be explained on the basis of an hypertrophied 
right auricle with hindrance to the ejection of blood into the right 
ventricle. According to Young,* the most valuable clinical sign of 


*From the Department of Medicine, University of California Medical School, San 
Francisco. This case report, slightly modified since, appeared in Medical Papers 
dedicated to Dr. Henry A. Christian, February 16, 1936, published by the Waverly 
Press, Baltimore, Md. 
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organic tricuspid disease is the presence of a pulsating liver which con- 
tinues to pulsate under measures designed to effect the cessation of this 
phenomenon. 

5. A diastolic or presystolie murmur over the xiphoid end of the 
sternum differing in quality, and sometimes, although not necessarily, in 
timing, from a similar murmur at the apical region due to associated 
mitral stenosis. The systolic murmur due to the invariably associated 
tricuspid regurgitation is less easily differentiated from that at the apex, 
as a rule. 

6. Enlargement of the heart to the right, with dilatation or hyper- 
trophy of the right auricle. 

7. Disappearance of the peripheral signs dependent upon auricular 
activity during auricular fibrillation, auricular arrest, nodal rhythm, or 
tachyeardia. 

It would seem that when a patient with chronie rheumatic heart dis- 
ease and mitral stenosis presents the previously described findings, a 
clinical diagnosis of organic tricuspid stenosis is justified. Upon this 
assumption, the following case history is presented: 


E. T., No. 82,380-M, a married white woman, twenty-four years old, first entered 
the University of California Hospital on the Medical Service, March 29, 1935, com- 
plaining of dyspnea on moderate exertion since the age of nine years and rapid 
heart action of five days’ duration. She had had chorea at the age of seven years, 
for which she was confined to bed for three months, but no history was elicited 
that was suggestive of acute rheumatic fever. She had always been considered a 
delicate child; had had measles twice, at the ages of four and ten years, and chicken- 
pox at the age of 13; and her tonsils had been removed when she was four years 
old. About two years after her recovery from chorea, she had first noticed her 
inability to run or play as other children did, because of shortness of breath and 
‘*pounding’’ of her heart. Ascent of one flight of stairs always ‘‘left her puffing.’’ 

She married at the age of seventeen years, and one year later was delivered of 
a normal male infant without complications at seven months. The following year she 
was delivered of a full-term female infant, this time again without difficulty. In 
the succeeding two years she had two spontaneous abortions, each following two 
months of pregnancy. Seven months after the last abortion, a seven months’ preg- 
nancy was complicated by hemorrhage, and a dead baby was delivered with forceps. 
Her recovery from this mishap was associated with weakness for several months but 
was otherwise uneventful. It is of interest that she was no more dyspneiec than 
usual during all of these pregnancies, and that she nursed each of the first two : 


children for six months following birth. 

During the second pregnancy, in November, 1930, she had her first ‘‘heart attack, ’’ 
characterized by the sudden onset of a rapid heart rate and palpitation, which 
ceased abruptly after several hours. A similar episode occurred six months later, 
and from then on she began to have attacks of longer duration and at more fre- 
quent intervals. During the year preceding her hospital entry, the attacks occurred 
about once a week, lasting from twelve to twenty-four hours. The symptoms asso- 
ciated with these attacks were marked dyspnea, a feeling of fullness in the neck, 
and rapid pounding of the heart, but no orthopnea. She stated that she was more 
comfortable lying on one side or prone. The episodes usually terminated with nausea 
and vomiting, which was not induced. She had never tried any of the usual proce- 
dures known to produce a cessation of paroxysmal auricular tachyeardia. She had 
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had no edema of the ankles, About two months before she entered the hospital, 
she was bothered by a hacking cough productive daily of about one cupful of 
heavy, yellowish sputum which was occasionally blood streaked. At the time of 
onset of the cough, which was usually worse at night, she began to find it necessary 
to use two pillows in order to sleep comfortably. Following the appearance of these 
symptoms she lost about 15 pounds in weight. 

She was first seen in the Out-Patient Department on Aug. 13, 1931. A diagnosis 
of mitral stenosis and insufficiency was made, and she was advised to take digitalis 
in small doses. She was not seen again in the clinic until Nov. 26, 1934, and at this 
time digitalis was again prescribed. On Dec. 7, 1984, she again reported complain- 
ing of nausea and vomiting, and her pulse was described at that time as irregular. 
Medication was discontinued for four days, and then resumed in 0.1 gm. doses 
daily. She was seen at fairly regular intervals until March 29, 1935, when she ap- 
peared at the clinic with the complaint of a rapid heart rate of five days’ duration, 


Fig. 1.- Electrocardiogram taken March 29, 1935, showing nodal tachycardia, right 
ventricular preponderance, with a rate of 168 per minute and regular rhythm. 


associated on several occasions with nausea and vomiting, constant, dull, aching 
pain in the epigastrium, and intermittent sharp substernal pains of very short dura- 
tion radiating through to the back between the shoulder blades. She was referred 
immediately to the hospital where the following clinical picture was noted: 

The patient was a pale, undernourished young woman of slender build, rather 
nervous, and breathing rapidly. She seemed more comfortable lying prone or on 
one side. The fingers, toes, lips, nose, and ears were cyanotic. There was no edema 
or ascites. The fingers showed slight clubbing. The cervical and brachial veins 
were markedly distended and pulsating regularly. The lungs were clear. A _ pre- 
systolic thrill was palpable at the apical region. The heart was found by percussion 
to be enlarged both to the right and left; the right border of dullness in the 
fifth intercostal space was 5 em., and the left border of dullness in the same inter 
costal space was 11.5 em. from the midsternal line. On auscultation a loud to-and- 
fro murmur was audible over the entire precordium, of maximum intensity at the 
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apex. The cardiac rhythm was regular, and the rate 164 per minute. The blood 
pressure was not obtainable by the ouscultatory method; the systolic reading by 
palpation was 85. The smooth, blunt, tender edge of the liver was palpable 7.5 em. 
below the right costal margin. Marked systolic pulsations were palpable, synchronous 
with the radial pulse. The tentative diagnosis made at this time was mitral stenosis 
and insufficiency, relative tricuspid insufficiency, and paroxysmal auricular tachy- 
cardia. Carotid sinus and ocular pressure were without effect upon the rapid rate. 


130 ._ 128 


auricular rate =. 46 


Nodal rate - 57 to 68 
P 
Q 
It 
P 
A= 52 
Ns 60 to 88 Ci. 
Fig. 2.—Electrocardiogram taken April 1, 1935, showing A-V dissociation un- 


doubtedly due to digitalis. The following analysis of these curves was made by Dr. 
E. B. Zeisler of Chicago, II: 

“In Lead I there is a slight sinus arrhythmia, the rate averaging 46. There is 
a nodal arrhythmia, the rate varying from 57 to 68. The P-Q segments marked with 
an arrow represent conduction. There are three conducted impulses, the others being 
adventitiously blocked because their preceding recovery period, RP, is too short. The 
situation is similar in Lead II. 

“In Lead III the difference between the nodal and sinus rates is sufficiently great 
so that every auricular impulse is conducted to the ventricles; consequently every 
second ventricular impulse is conducted from the auricles, while the other ventricular 
impulses originate in the A-V node. In this lead there is no adventitious block. 

“It may be noted that the P-Q conduction interval varies inversely as the pre- 
ceding recovery period, RP, as is to be expected. The slight variation in this cor- 
respondence is due to variability in A-V conductivity.” 
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An electrocardiogram showed the tachycardia to be of nodal origin (Fig. 1). 
Laboratory tests, including the Wassermann reaction, were negative. 

The patient was given 0.8 gm. of digitalis folia within eight hours, by the end 
of which time the cardiac rate had temporarily slowed to 80 per minute. By the 
end of fourteen hours she had received 1.3 gm. oi digitalis; the rate, however, had 
risen to 150 per minute. Electrocardiograms taken at this time were similar to 
those in Fig. 1. The administration of digitalis was then discontinued, and quinidine 
sulphate was given beginning at 2:00 P.M. on March 30, 1935, After two doses of 0.2 
gm. quinidine sulphate at two-hour intervals, the rate dropped to 85 per minute; 
the rhythm was regular. The dosage of quinidine, given every three hours during 
the day and night, remained the same until April 1, 1935, when it was increased to 
0.4 gm. three times daily. 

Examination of the heart while its rate was slow and the rhythm regular afforded 
a better opportunity to determine the character of the cardiac murmurs. A loud, 


C. 


Fig. 3.—Electrocardiogram (Lead II) taken April 5, 1935, showing the transitions 
from nodal to normal sinus rhythm with change in posture. -.A, 2:15 pP.M., after 
pases exercise; B, 2:30 P.M., while sitting up; C, 3:00 P.M., after rest—lying 
down. 


Fig. 4.—Simultaneous tracings of the apical impulse and systolic pulsations in the 
liver during nodal tachycardia; taken April 11, 1935. The maximal apical impulse 
precedes the maximal hepatic impulse by approximately 0.1 second. The rhythm is 
regular, the rate 168 ver minute. The time marker was calibrated for 0.2 second. 


long, low-pitched diastolic rumble terminating in a short, presystolic accentuation 
was audible at the apex. Over the lower portion of the sternum, it was possible 
to detect a well-localized, short, high-pitched diastolic murmur. This diastolic mur- 
mur over the tricuspid region was different, in pitch and timing, from that heard 
at the apex, and there was no audible presystolic element; it was distinctly well 
localized to a small region over the xiphoid end of the sternum. The systolic mur- 
murs heard in both regions were similar in timing, that at the tricuspid region 
being closer to the ear and somewhat more blowing in character than the loud, 
systolic bruit heard at the apex. The pulmonic second sound was markedly 
accentuated. The blood pressure was 110/78, and the venous pressure by the direct 


method, 26 em. of water. 
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On April 1, 1935, the patient was found to have an arrhythmia which was 
attributed to the toxic effects of digitalis. An electrocardiogram taken at this time 
(Fig. 2) showed auriculoventricular dissociation5 of the interference-dissociation type 
of Mobitz. In other words the A-V dissociation was due entirely to the fact that the 
nodal rate was greater than the sinus rate without any essential A-V block, the 
A-V block in the tracings being entirely adventitious. 

Fluoroscopie examination and films of the chest taken April 2, 1935, showed a 
general enlargement of the heart and a considerable amount of pulmonary conges 
tion. During fluoroscopy in the left 
the right auricle appeared to be elevated and somewhat acutely angulated. 
auricle, viewed in the right posterior oblique position, likewise appeared enlarged. 


anterior oblique position, the shadow due to 
The left 


The administration of quinidine sulphate was continued until April 5, 1935, when 
an electrocardiogram (Fig. 3) showed the transition from nodal to normal rhythm 
occurring when the patient’s posture was changed from the supine to the erect. 


Electrocardiogram taken April 12, 1935, showing a right ventricular pre- 
ponderance, large P-waves in Leads I and II, with notching in P,. 


Fig. 5. 


Administration of the drug was temporarily discontinued, and the rhythm reverted 
The patient felt so well that she was then allowed to be 
On April 11, 1935, she had another attack of nodal 
Hepatic pulse tracings 


to normal on April 8, 1935. 
up and around for several days. 
tachycardia, with a cardiac rate of 168 and regular rhythm. 
(Fig. 4) demonstrated the forceful systolic pulsations which were so plainly palpable 
at this time. On April 12, 1935, the patient was given 1.2 gm. of quinidine sulphate 
over a period of seven hours, at the end of which time the rate dropped to 
minute. It was at this time that pronounced double pulsations were first noticed in 


72 per 


An electrocardiogram showed large P-waves and a right ventricular pre 


the liver. 
Tracings were obtained 


ponderance; the rate and rhythm were normal (Fig. 5). 
exhibiting the well-developed auricular and ventricular pulsations in the liver (Fig. 
6). The ‘‘a’’ wave in the jugular tracing was practically synchronous with the 


auricular pulsation of the liver. The onset of the auricular deflection in the liver 
22 second, and likewise preceded 


preceded the same point on the radial tracing by 0.22 
the onset of systole by slightly more than 0.2 second. 
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The condition of the patient was greatly improved when she was discharged from 
the hospital on April 12, 1935. She was directed to take quinidine sulphate, 0.2 
gm. three times daily. On April 22, 1935, she had an attack of tachycardia during 
the night, lasting about eight hours, and on April 26 a similar attack lasting about 
six hours. The dosage of quinidine was increased to 0.2 gm. four times daily, and 
the patient has had no-similar episodes since. 

Electrophonocardiograms taken on May 22, 1935, were of considerable value in 
depicting graphically the difference in the murmurs. A tracing obtained with the 
microphone at the apex showed the presence of a long presystolic murmur and a 
total systolic murmur (Fig. 7), with accentuation in midsystole. There was no 
sharp second sound. It had been replaced by a diastolic murmur approximately 


Liver 
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Fig. 6.—Tracings obtained April 12, 1935, showing auricular and ventricular pul- 
sations in the liver taken simultaneously with the right jugular pulsations, apical 
impulse, and right radial pulse during regular sinus rhythm. The time marker was 
calibrated for 0.2 second, 


three times the duration of a normal second sound. The tracing taken with the 
microphone over the xiphoid end of the sternum (Fig. 8) presented a definite con- 
trast, with little, if any, presystolic oscillation. The accentuation of the systolic mur- 
mur occurred somewhat earlier in systole. The diastolic murmur was shorter, its os- 
cillations following the second sound after an appreciable period of quiescence (about 
0.05 second) in the base line. 

On May 26, 1935, after one month’s freedom from attacks, a thorough examina- 
tion of the patient was made. She felt quite well although she was still dyspnei¢é 
on slight exertion. The facies was of the mitral type, with moderate acrocyanosis. 
Definite presystolic pulsations were visible in the cervical and brachial veins. Pulsa- 
tions were detectable in the retinal veins, although accurate timing was not prac- 


~~ 
errr 
Liver 
1 
| 


364 THE AMERICAN HEART JOURNAL 


ticable. There was no inspiratory filling of the cervical veins. The liver edge was 
palpable 5.5 em. below the right costal margin, and double pulsations were easily 
felt. There was no systolic thrill at the base; however, a forcible diastolie impact 
was plainly felt over the pulmonary orifice. No diastolic shock was palpable at the 
apex. The auscultatory findings were as previously described during sinus rhythm; 
the differentiation hetween the diastolic murmurs audible over the tricuspid and 
apical regions was still quite definite and was confirmed by several experienced 


95 


efaminers. The blood pressure was 120/80, and the vital capacity 2,500 e.c. 
SUMMARY 


The clinical diagnosis of acquired tricuspid stenosis is discussed. The 


various clinical manifestations attributable to the pathological physi- 


} 


Fig. 7.—Simultaneous electrocardiogram and electrophonocardiogram* obtained with 
the microphone at the apical region, taken May 22, 1935. Time marker indicates 
lo, (0.04) second. 

Fig. 8.—Simultaneous electrocardiogram and electrophonocardiogram obtained with 
the microphone over the lower end of the sternum (tricuspid region) : taken May 22, 
1935. Time marker indicates 445 (9.04) second, 


*The electrophonocardiograms were obtained with the Western Electric Stethophone 
1A and a Mathews Oscillograph, usin; a 130 high-pass filter, which permitted amplifi- 
cation and recording of all sounds above a frequency of 130 cycles per second. The 
tracings were taken by Dr. Wm. J. Kerr, Dr. J. B. Lagen, Dr. J. J. Sampson, and Dr. 
F. Kellogg. 
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ology of this condition are enumerated. 
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A detailed case report is pre- 


sented describing the course of a patient in whom all of the clinical find- 
ings typical of tricuspid stenosis were demonstrated during life. 
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NONPENETRATING WOUND OF HEART 


RupTURE OF PAPILLARY MUSCLE AND CoNnTUSION OF HEART RESULTING 
FROM EXTERNAL VIOLENCE: CASE REPORT* 


RoBert EARLE GLENDY, M.D., AND D. Wuirtr, M.D. 
Boston, Mass. 


HE most common serious injury sustained by the heart is of the 

penetrating type produced by stab or bullet wounds. Case reports of 
these abound in the literature. Less common are those cases in which 
injury to the heart results from direct or indirect contusive forces with- 
out actual penetration of the myocardium.t Bright and Beck" have re- 
cently made a clinical and experimental study of nonpenetrating wounds 
of the heart in which they collected a surprisingly large number of in- 
stances from the literature (175 cases) in most of which (152 cases) the 
patient died of rupture of the heart. Of the remaining number, twelve 
patients survived the trauma, the diagnosis being made on clinical mani- 
festations, and eleven patients died of myocardial failure at varying 
intervals after the trauma. 

We are reporting here an additional case in which violence to the 
thorax caused rupture of a papillary muscle and contusion of the an- 
terior surface of the left ventricle in a healthy young man who died from 
multiple complications twenty-six hours after the accident. 


CASE REPORT 


S. S., a seaman, aged twenty-four years, who had been in good health up to the 
time of his injury, was admitted to a general hospital near Boston in the morning at 
6:50 following an automobile accident. At 4:30 A.M. on this same date, while asleep 
and riding in an automobile driven by a shipmate, an accident occurred; he was 
thrown violently from the car, and a truck ran over his upper abdomen. He 
was taken immediately to the Haymarket Square Relief Station, Boston, complain- 
ing of pain in the left kidney region posteriorly radiating into the flank. There 
a diagnosis was made of contusion of the abdomen with possible rupture of the 
spleen or left kidney. He was given first aid treatment for shock and directly 
transferred by ambulance to the general hospital. 

On admission to the hospital ward he was conscious but apparently suffering 
from hemorrhage and shock. The skin was cold and pale; the pulse was rapid 
and weak; and he was still complaining of severe pain in the left kidney region 
posteriorly and of a severe headache. 

On examination he was noted to be well developed and well nourished. There were 
minor lacerations above the left ear and small contusions in the parietal and oe- 


*From the Cardiac Laboratory of the Massachusetts General Hospital. 

+Among 7,600 autopsies at the Massachusetts General Hospital, where there is a 
busy accident service, it happens that there is not a single case of cardiac trauma 
of any type on record. 
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cipital regions of the scalp on the left. The pupils were contracted, due to morphine, 
but reacted equally to light both directly and contralaterally. There was no 
nystagmus or evidence of hemorrhage from the nose or ears. The mucous membranes 
were pale. Movements of the neck and tongue were normal. The nasopharynx and 
throat were normal. The chest expansion was apparently equal on the two sides 
but limited bilaterally by pain in the left kidney region. Anteriorly there were 
no abnormal signs over the lungs. The chest was not examined posteriorly. There 
was no apparent cardiac enlargement. The heart action was regular at a rate of 
88; the sounds were of good quality; and there were no murmurs. The blood pres- 
sure was 100 mm. systolic and 70 mm. diastolic. The entire abdomen was tense. 
There were a boardlike rigidity and tenderness in the left upper quadrant though 
he did not complain of much pain there. There were lacerations on the left wrist, 
in the right scapular region, and on the posterior aspect of the left thigh. 

He vomited once, the vomitus being free of blood. The usual measures to com- 
bat shock were instituted with fairly good response. 

Portable x-ray films of the abdomen and chest were reported as showing a 
fracture in the midportion of the eleventh rib on the left. The lower one-half of 
the left kidney shadow was visible, the upper portion being obscured by gas. The 
diaphragm and the heart were in their usual normal positions. The lung fields 
were slightly blurred due to motion, but there was no evidence of lung collapse or 
extensive pathological change within the chest. 

Laboratory data were as follows: Urine—port wine in color, acid in reaction, 
specific gravity 1.026, albumin positive, sugar negative, sediment showing numerous 
red and white blood cells and a few finely granular casts. Hemoglobin, 60 per 
cent (Tallqvist); red blood cell count, 2,740,000; white blood cell count, 21,000 
with 84 per cent polymorphonuclears; 16 per cent lymphocytes. 

He was given a transfusion of 500 ¢.c. of whole blood following which an ex- 
ploratory laparotomy under gas-ether anesthesia disclosed a ruptured spleen with 
free blood in the peritoneal cavity. The spleen was removed. 

His condition was never satisfactory following the operation. He developed 
cyanosis of the lips and extremities; the pulse became more weak and rapid; and 
the heart sounds became poor in quality, approaching each other in intensity. 
The lungs showed signs of advancing pneumonia and the breathing became in- 
creasingly more labored, with loud bronchial sounds. The blood pressure, as recorded 
several hours following the operation, was 112 mm. systolic and 50 mm. diastolic. In 
spite of intravenous injections of fluid and digitalis, and the administration of 
oxygen he grew steadily worse, his temperature rose to 107.4° F., and he died about 
twenty-six hours following his injury. 

Post-mortem examination revealed a well-developed white adult male, aged twenty- 
four years. There were small lacerated wounds over the posterior aspect of the 
right shoulder and over the right iliae crest. There were a slight abrasion on the 
left thigh and a superficial laceration of the scalp just above the left ear. 

Peritoneal Cavity.—On opening the peritoneal cavity a moderate amount of old 
free blood was found. The stomach and transverse colon were dilated and there 
was subserous hemorrhage in the fundus of the stomach and in the descending colon 
at the splenic flexure. There was hemorrhage into the gastrocolic omentum and 
within the leaves of the mesentery of the descending colon. The superior mesenteric 
vessels showed marked congestion with hemorrhagic infiltration about them. The 
great veins of the abdomen were markedly dilated. Appendix and esophagus were 
normal, Mesenteric and retroperitoneal glands were normal. The liver was normal. 
An extensive hemorrhage was present in the left leaf of the diaphragm. 

Pleural Cavities and Lungs.—The lungs were free in the pleural cavities except 
for a few easily broken adhesions over the left base posteriorly. The right lung 
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weighed 1,200 gm. It was quite edematous and in the upper lobe there was an 
area of increased consistency, which, on eut section, showed an early stage of red 
hepatization. The left lung weighed 1,300 gm. and at the junction of the upper and 
lower lobes laterally showed an irregular hemorrhagic contusion about 4 em. in 
diameter. The lower lobe was of increased consistency in its lower two-thirds. The 
upper lobe showed increased consistency only under the hemorrhagic area where 
eut sections revealed patchy bronchopneumonia of a later stage than in the lower 
lobe. The eleventh rib on the left was fractured transversely in the posterior 
axillary line producing a hematoma beneath the pleura. Bronchial glands were 
normal. Thyroid and parathyroid glands were not examined. 

Pericardium.—The pericardial sac contained about 200 ¢.c. of serosanguineous 


fluid; there was no pericarditis. 


Fig. 1.—Photograph showing ruptured papillary muscle. The arrow points to the 
area in the myocardium from which the papillary muscle has been torn away at its 
base. Opposite this area on the external surface of the left ventricle is a purplish 
contusion. 


Heart weighed 425 gm. The right ventricular wall measured 4 mm. in thickness, 
the left 15 mm. The cavities were not enlarged. The valves were essentially normal 
and measured in circumference as follows: mitral 9 em., aortic 6.5 em., tricuspid 
12 em., pulmonary 8 em. In the left ventricle the anterior papillary muscle was 
ruptured at its base producing a hemorrhagic lesion 2 by 2.5 em, wide by 1 em. deep 
within the myocardium. Overlying this area on the external surface of the left 
ventricle there was a purplish spot 3 by 1.5 em. in area. This was in the region of 
a small descending branch of tie left circumflex artery of the heart, but there was 
no thrombosis or extensive rupture of the coronary arteries. 

Coronary Arteries and Aorta.—The coronary arteries were patent, and the aorta 
was normal. Pulmonary arteries and venae cavae were normal. 

Gallbladder and bile ducts were normal. Pancreas and ducts were normal. 

Spleen.—The pedicle of the spleen remained. An accessory spleen was present 


with slight laceration of the capsule of the upper pole. 
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Kidneys.—Only the left kidney was examined. Its weight was 200 gm.; the 
consistency was normal; the capsule stripped with ease; medulla and cortex were 
of normal thickness; and passive congestion was present throughout. The peri- 
renal tissues about the left kidney, including the adrenal gland showed hemor- 
rhagic infiltration. Pelves, ureters, and prostate were normal. 

Urinary Bladder.—Greatly dilated, containing about 500 ¢.c. of dark amber- 
colored urine. No evidence of trauma to the bladder. 

Anatomical Diagnoses.—Fracture, simple, left eleventh rib, posterior axillary line. 
Ruptured papillary muszle, left ventricle. Contusion of heart, left ventricle. Pleu- 
ritis, hemorrhagic, left. Bronchopneumonia, bilateral. Postoperative splenic pedicle 
in good condition. Supernumerary spleen with superficial laceration of capsule. 


DISCUSSION 

The extensive myocardial trauma in this case was but one of several 
serious injuries, and yet the efficiency of the damaged heart muscle al- 
lowed survival for more than twenty-four hours after the accident. It 
is impossible to say what might have been the result in the absence of 
the noneardiae complications; certainly the chances for repair of the 
injured heart muscle would have been greater, possibly even to the point 
of complete recovery. Old unexplained myocardial scars discovered 
post mortem may perhaps at times be the end-result of cardiae trauma 
of this type not recognized clinically. Had the tear in this case been a 
little deeper, however, the left ventricular wall would have ruptured 
through, producing sudden death from hemopericardium directly after 
the accident. 

The numerous complications make this case of limited value in con- 
tributing to the clinical picture of contusive injury to the heart; it is of 
some significance, however, that cardiac trauma was not even suspected. 
The accident which was responsible for the eardiae injury also caused 
injury to the pleura, the lung, and the diaphragm. This resulted in 
rapidly advancing pneumonia which the patient was unable to combat, 
because of loss of blood and the shock. 

Electrocardiography would have been invaluable in establishing a 
eardiae diagnosis ante mortem in this patient. We believe that this pro- 
eedure should be carried out, where possible, in all cases of violent in- 
jury to the chest. 

SUMMARY 


A ease of nonpenetrating wound of the heart muscle with rupture of 
a papillary muscle and contusion of the left ventricular wall from ex- 
ternal violence is reported. Death resulted twenty-six hours after the 
injury, from loss of blood, shock, and an overwhelming pneumonie infee- 
tion following the removal of a ruptured spleen. There were no signifi- 
cant clinical findings suggesting cardiac trauma. 
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A CASE OF ANEURYSM OF THE PULMONARY ARTERY* 


W. M. Fow.er, M.D. 
Iowa Crry, Iowa 


NEURYSM of the pulmonary artery is a relatively rare condition but 
one which oceurs with sufficient frequency that it must be con- 
sidered in the differential diagnosis of mediastinal tumors. Wahl and 
Gard! in 1931 were able to collect only seventy proved cases, and Seott? 
in 1934 found ninety eases recorded in the literature. Among 915 eases 
of aneurysm, Crisps* found four which involved the pulmonary artery, 
and Costa* found only one such case in 20,000 autopsies. Additional 
eases have been reported by several authors,* not all of which, however, 
were proved by necropsy. 

Syphilitie aortitis is frequently an etiological agent although it is less 
prominent in pulmonary than in aortic aneurysms. Peck,® in an ex- 
tensive review of syphilis of the pulmonary artery, found only twelve 
absolutely proved eases. He states that the main trunk is involved almost 
exclusively and that the gummatous type of lesion is more common than 
the productive form, the reverse of that found in the systemic aorta. 
Atheromatous changes in the smaller branches of the pulmonary artery 
may increase the pressure in that cireuit so that a dilatation of a similarly 
involved large vessel may occur. Karsner’ believes that arteriosclerotie 
changes are more frequently the cause of aneurysm of the pulmonary 
artery than of the systemic aorta. Other etiological factors inelude con- 
genital malformations of the heart which throw unusual strain on the 
pulmonary aorta, endocarditis, trauma, pneumothorax, and congenital 
defects of the pulmonary vessels. The age incidence of aneurysm of the 
pulmonary artery is considerably lower than that of aortie aneurysm, 
since 40 per cent of the patients are under thirty years of age, whereas 
only 18 per cent of aortic aneurysms occur before this age.' The infre- 
quency of aneurysm of the pulmonary artery may be accounted for by 
the lower pressure and lesser strain on the vessel walls within this cireuit, 
and also by the lower incidence of syphilitic involvement of the pulmonary 
vessels. 

CASE REPORT 

D. F., a white male aged fifty-nine years, was admitted to the University Hospital 
beeause of a sharp pain which appeared first in the left shoulder and later in the 
The pain in the shoulder radiated to the left elbow and was ag- 
gravated by motion. That in the axillary region was not influenced by motion or 
respiration but was worse at night and was rarely present during the day. On 


several occasions the left hand and forearm became cold and white, with intensifica- 
There had been no edema, shortness of breath, anginoid 


axillary region. 


tion of the shoulder pain. 


*From the Department of Internal Medicine, State University of Iowa. 
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pain, or other evidences of cardiac disease. The patient had had gonorrhea fourteen 
years before, but no history of a syphilitic infection was obtained. 

The left upper thorax was more prominent than the right and the expansion of 
this area was slightly restricted. The right cardiac border was beneath the sternum 
and the left border of dullness in the fifth interspace was just outside the mid- 
elavicular line, There was a visible impulse in the second and third intercostal 
spaces and on palpation over this area a systolic impulse, a diastolic impact, and 
a rough systolic thrill were felt. Dullness extended 8 em. to the left of the mid- 
sternal line in the second interspace, 10 em. in the third, and 8 em. in the fourth. 
Auscultation over the area of abnormal pulsation. revealed a very loud, rough sys- 
tolic murmur ending in an accentuated and tympanitie second sound. The murmur 
was transmitted to the entire left upper thorax but not to the vessels of the neck. 
The aortic second sound was normal and only a faint systolic murmur was heard, 
which was not transmitted upward. <A soft systolic murmur was also heard at 
the apex. There were no diastolic murmurs, and the cardiac mechanism was normal. 
The blood pressure was 152/78 in the right, and 134/84 in the left arm. The pulsa- 


Fig. 1. 


tion in all accessible peripheral arteries was normal and symmetrical. There was 
no tracheal tug and no pulsation in the suprasternal notch. A slight degree of 
cyanosis was noted on the lips and finger tips. The pupils were irregular but re- 
sponded to light and in accommodation. The nasal septum was intact, and the re- 
flexes and sensations were normal. Motion of the left shoulder was limited by pain, 
but there was no crepitation, muscle atrophy, or other objective evidence of joint 
involvement, The Wassermann reaction was strongly positive. Fluoroscopic exam- 
ination showed a well-outlined, rounded shadow in the region of the pulmonic curve 
on the left. This had a definite expansile pulsation. In the oblique and lateral 
views this shadow was separated from che heart and from the thoracic aorta. Right 
posterior oblique and left lateral roentgenograms showed a tumor in the left hilus 
area extending laterally but not posteriorly. The thoracie aorta was uninvolved. 
A roentgen-kymogram showed a pulsating tumor mass. The patient received ten 
intramuscular injections of bismuth and was discharged from the hospital. He re- 
turned six months later, having taken potassium iodide gr. xv daily during the in- 
terval. The pain in the shoulder and elbow had entirely disappeared, and he ex- 
perienced only a throbbing sensation in the left upper chest, He was feeling much 
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better and was able to do light work, although there was no change in the physical 
or roentgenological findings. The patient returned to his home and continued to 
do light work without discomfort. Five months later, however, he died very sud- 
denly from what was interpreted by his physician as a ruptured aneurysm. 

The physical signs of aneurysm of the pulmonary artery as given by 
Henschen® are as follows: 

1. Prominence, dullness and an x-ray shadow in the second and third 
left intercostal spaces. 


2. Pulsation and thrill in the same area. 

3. A loud, superficial, rasping systolic murmur. 

4. Absence of signs of aortic aneurysm. 

5. Absence of dilatation of the left heart. 

6. Right-sided eardiae hypertrophy. 

7. Intense cyanosis, congestion, hemoptysis and substernal pain. 


If the aneurysm is uncomplicated by other valvular or vascular 
changes, there is no reason to suspect right ventricular hypertrophy ; and 
since the cyanosis and congestion depend on pressure phenomena or 
cardiac insufficiency, they are not necessarily present. This case presents 
the essential diagnostic features, and, although terminating fatally, the 
subjective improvement for a period of a year after antisyphilitic 
therapy was very striking. 
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Selected Abstracts 


op Hall, G. E., Ettinger, G. H., and Banting, F. G.: An Experimental Production of 
Coronary Thrombosis and Myocardial Failure. Canad. M. A. J. 34: 9, 1936. 


Clinical degradation with severe myocardial and coronary artery damage was 
produced (in dogs) by the repeated injections of 1 to 10,000 injections of acetyl 
choline iodide or acetyl choline bromide. The damage was found in those areas 
most richly supplied with vagal postganglionic fibers. Clinical evidence of pro- 
gressive myocardial failure with subsequent death was noted in every animal, and 
pathological examination showed permanent damage to the heart in all but two 
animals. 

In those animals which at autopsy showed permanent damage to the heart, 
there was in the coronary arteries a hyaline degradation of the tunica media and 
a tendency to thrombosis. In the myocardium there was probably hyaline degra- 
dation or infection followed by extensive degradation with a fibrotic response. 

AUTHOR. 


© Gregg, Donald E.: The Phasic and Minute Coronary Flow During Acute Experi- 
mental Hypertension, Am. J. Physiol. 114: 609, 1936. 


The results presented elucidate the causes of the augmentation of coronary 
blood flow when the aortic pressure is elevated by increasing the peripheral re- 
sistance either mechanically or chemically. The essential factors which affect the 
distribution of flow between systole and diastole per beat are the relative magni- 
tude, contour, time relations, and duration of the systolic and diastolic phases of 
the aortic and P.C.P. curves. The sum of the pressure differences involving all 
these factors gives an index of the flow per beat, and the product of cyclic flow 
and heart rate gives an index of the minute flow. 

When all these effects are integrated during hypertension, the picture becomes 
somewhat complicated. Tentatively our concept is that as the aorta is compressed 
and the blood pressure and pulse pressure rise, the heart rate slows; the coronary 
systolic resistance decreases relative to the aortic systolic, thus permitting an 
actually greater inflow per beat during ventricular contraction, although the 


——systolic resistance decreases relative to the aortic systolic, thus permitting an 


actually greater inflow per beat during ventricular contraction, although the 
systolic flow relative to diastolic is decreased. However, the minute systolic flow 
increases only moderately since, as the heart rate slows, the time occupied by 
‘systole is materially reduced. During diastole at the high pressures the diastolic 
interval lengthens, and the diastolic coronary pressure increases only slightly 
(a resultant of the slower heart rate tending to decrease it and the higher blood 
pressure tending to raise it) with the net result that the diastolic flow per cycle 
and per minute is tremendously augmented. Quantitatively, although the flow in 
both phases of the cardiac cycle is greater, the augmentation of flow is chiefly 
diastolic. 
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When the hypertension is produced by epinephrine the same alterations of flow 
occur, except that the coronary systolic resistance may approximate aortic systolic, 
if the latter is not too high, with the result that systolic flow per beat and per 
minute is reduced to a small value. 

Finally, the conclusion is reached that the dominant factor increasing the myo- 
cardial blood supply in acute experimental hypertension is a combination of 
mechanical changes of which the most important is the aortic head of pressure 
throughout the cycle, together with the relative increase in the time per minute 
occupied by diastole. Aiding this are additional mechanisms: the relative de- 
crease of systolic coronary resistance at high aortic pressures and pulse pressures, 
the slightly decreased coronary diastolic resistance at the slower heart rates, and 


finally, slight changes in the form of the P.C.P. curve. 
AUTHOR. 


Mayne, Walter, and Katz, Louis N.: Observations on the Path Taken by the Pain 
Fibers From the Heart, Am. J. Physiol. 114: 688, 1936. 


Evidence is presented to show that cardiac pain fibers traverse the nerve plexus 
located in the posterior mediastinum which connects the deep cardiac plexus with 
the thoracic sympathetic chain from the sixth up to the first thoracic segment 
and possibly also with the cervical sympathetic chain, 

Severance of the fibers in the posterior mediastinum was found to abolish the 
affective response obtained on stimulating the nerve plexus surrounding the 
coronary blood vessels. 

The feasibility and possible physiological advantages of this operation in 
patients with angina pectoris are discussed. 

AUTHOR. 


Maltby, Alice B., and Williams, John E.: Attempts to Apply the Acetylene 
Method of Determining the Cardiac Output to the Dog, J. Lab. & Clin. Med. 
21: 354, 1936. 

Simultaneous blood and alveolar samples taken from the dog at various in- 
tervals after the beginning of forced rebreathing of an air-acetylene mixture 
show that a requisite equilibrium between the acetylene tension in the alveolar 
air and in the blood can be attained. As a rule, such equilibrium: was not estab- 
lished before fifteen seconds of rebreathing at the approximate rate of a complete 
respiration every two seconds. This fact is not favorable to the acetylene method 
since a second requisite for its validity is the precuring of at least two ade- 
quately spaced samples before the completion of one circulation and since investi- 
gations have been reported (Starr and Collins) indicating return of blood to the 
heart in such a short period (fifteen seconds) that obviously it would be im- 
possible to obtain two samples within such a period if the first sample is not 
secured before the fifteenth second. 

A comparison of the values obtained for the cardiac output of five dogs by the 
acetylene method with the values obtained by the direct Fick method shows that 
the results obtained by the acetylene method are nearly 32 per cent too low in 
one case and about 50 per cent too low in each of the other four cases, 

Tests on the same dog by the acetylene method give wide variation in results, 
which would preclude its use for comparison of output values before and after 
production of a circulatory disturbance. 

Comparison of the average cardiac index calculated from the acetylene tests 
(2.15) with the average found in a series of normal dogs by the Fick method 
(3.95) indicates that the index by the acetylene method is much too low (average 


46 per cent). 


AUTHOR. 
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Yater, Wallace M., Cornell, Virgil H., and Claytor, Thomas: Auriculoventricular 
Heart-Block Due to Bilateral Bundle-Branch Lesions: Review of the Litera- 
ture and Report of Three Cases With Detailed Histopathological Studies, Arch. 
Int. Med. 57: 132, 1936. 


Three cases of auriculoventricular heart-block due to lesions confined to both 
bundle branches are reported with detailed histopathological studies. The patho- 
genesis was probably coronary arterial disease in all, 

Such lesions of the bundle branches are probably a common, if not the common- 
est, cause of auriculoventricular heart-block. 

The heart may appear grossly normal, with or without gross evidence of coro- 
nary arterial disease. The morbid anatomy is usually that of a fibrous replace- 
ment which does not necessarily completely destroy the continuity of the bundle 
branches. Microscopically as well as grossly, the myocardium may appear normal 
or relatively little affected. This fact indicates that the conduction system is 
more susceptible to diminution of blood supply than the myocardium is, since there 
is a common blood supply. If the patient lived longer, similar changes might de 
velop in the myocardium. 

The freedom of the auriculoventricular node and bundle from similar lesions in 
such cases is due to the fact that their blood supply comes from a source different 
from that of the blood supply of the bundle branches and from a portion of the 
coronary arterial tree less often and less severely affected by degenerative 
changes. 

Lesions confined entirely to one bundle branch are apparently rare because of 
the common source of the blood supply of the right bundle branch and the an- 
terior division of the left bundle branch from the anterior descending artery, 
which is most often and most seriously affected by degeneration. 

The form of the ventricular complexes is frequently suggestive of bundle- 
branch block, and variation in the form of these complexes is common. These 
variations suggest a shift in the site of the pacemaker, sometimes from one side 
of the septum to the other. The ventricular complexes may be of supraventricular 
form, however; and then there are either two pacemakers, one in each bundle 
branch, generating impulses simultaneously or, more probably, a single pace- 
maker in one or the other branch sending impulses directly through the inter- 
ventricular septum into the Purkinje network of the contralateral ventricle as 
well as into that of the homolateral ventricle. 

There may be a variability from time to time in the degree of auriculo- 
ventricular dissociation, indicating that there are other factors involved besides 
the organic lesions of the bundle branches. 

In such cases as these, death frequently occurs in an Adams-Stokes attack. 

More frequent and more careful histopathological studies of the entire ree- 
ognizable conduction system are urgently needed because of the uncertainties 
at present involved in the interpretation of electrocardiographic alterations. 


AUTHOR. 


White, Paul D.: Coronary Disease and Coronary Thrombosis in Youth. J. M. Soc. 
New Jersey 32: 596, 1935. 


Observations on two groups of patients with coronary thrombosis under the 
age of forty years are recorded. One group included fourteen cases, the other 
seven. All were males. The case histories showed very few infections. The 
family histories were good or excellent in six of the first group. Hypertension 
was present in none. Angina pectoris followed the coronary thrombosis in five 
cases. Only three of the patients have died. The findings in this group afford 
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certain clues which may prove helpful in the analysis of cases and in prevention. 
The male sex is overwhelmingly the victim in early life. This presents the out- 
standing clue. The young men all used considerable amounts of tobacco. 

It is also to be noted that the men lived city lives and did not exercise con- 
sistently. Infections do not seem to play much of a réle in the induction of 
certain coronary diseases nor does diet, although further study may show that, 
as in diabetes, a combination of faulty metabolism plus faulty diet is important. 

H. McC. 


Elliot, Albert H., and Evans, Richard: Clinical and Electrocardiographic 
Picture of Coronary Occlusion Produced by Ruptured Aneurysm of the Ab- 
dominal Aorta, Am. J. M. Se. 191: 196, 1936. 


An instance is reported of ruptured aneurysm of the abdominal part of the 
aorta in which, because of coma, the subjective symptomatology could not be 
obtained. The clinical picture strongly suggested shock following coronary oc- 
clusion. Electrocardiographic changes, which were characteristic of and _ be- 
fore death were diagnosed as those of coronary occlusion, are seen in retrospect 
to have been probably due to a relative ischemia of the myocardium without 
infarction. This ischemia depended on thickened coronary arteries and the re- 


duced circulating blood volume foliowing hemorrhage. 
AUTHOR. 


Edeiken, Joseph, and Wolferth, Charles C.: Persistent Pain in the Shoulder 
Region Following Myocardial Infarction, Am. J. M. Se. 191: 201, 1936. 


Fourteen cases with persistent pain in the shoulder region following myo- 
cardial infarction have been briefly described. It is suggested that the incidence 
of this symptom among survivors from infarction may exceed 10 per cent. 

’ The pain may be mild or severe and was usually described as burning, aching, 
or wrenching. The left shoulder is usually involved although the right may also 
be affected. The pain may shift from one shoulder to the other. Occasionally 
the pain may be greatest in the region of the biceps or deltoid muscles. 

It may begin coincidentally with an attack of coronary occlusion up to at 
least sixteen weeks after the attack. 

The pain persisted from seven weeks to over five years. 

Local treatment to the shoulder has proved ineffective. Deep roentgen ray 
therapy has been tried in several cases without consistent results. 

Most patients in this group had foci of infection. A few had slight cervical 
or upper dorsal spondylitis. Nevertheless, the frequency of occurrence after 
myocardial infarction and the time relations to the attacks, suggest that the 
cardiac lesion is an important etiological factor. An analogy to causalgia is 


suggested. 
AUTHOR. 


Donovan, H. C. E.: Heart Disease Complicating Pregnancy, Brit. M. J. 2: 104, 
1936. 


Most patients with heart disease are capable of passing successfully through 
pregnancy; it is the labour which tests the heart’s efficiency. 

Therapeutic abortion is indicated principally in cases of cardiac reinfection 
during pregnancy, the few patients who are getting worse in spite of bed and 
digitalis treatment and those with the more severe forms of aortic disease and 
congenital malformation. 
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In deciding for or against Caesarean section the general and obstetric his- 
tory and the capacity for household work are the main points on which the 
decision turns. 

A surgically induced labour may be, and usually is, more trying than norma] 
labour. The risks are less easily calculated than are those of Caesarean section, 
and it is rarely good treatment after three months’ gestation. 

The purely operative risks of Caesarean section have been so much reduced by 
the lower uterine segment operation and the newer antiseptics, especially dettol, 
that one operates nowadays with far more confidence. 

AUTHOR. 


Hoyne, Archibald L.: Causes of Death in Diphtheria and Their Prevention, Am. 
J. M. Se. 191: 271, 1936. 


When the diphtheria membrane is located within or below the larynx, diph- 
theria antitoxin alone will seldom save the patient. Usually intubation or 
tracheotomy is required. 

Although there is no absolute method for preventing bronchopneumonia in 
diphtheria, the frequency of this complication can be held to a minimum if mi- 
nute attention is paid to cleanliness of hands and instruments when performing 
intubations and if correct methods of feeding are followed for patients wear- 
ing intubation tubes. 

Diphtheritic myocarditis can often be prevented by the use of 10 per cent 
dextrose solution intravenously, provided this treatment is, begun sufficiently 
early and continued daily for a sufficient length of time. 

Dextrose helps to maintain the general nutrition of the patient who may be 
unable to swallow or retain food. In addition, it seems to provide nourishment 
to the heart muscle and thus lessen passive congestion of the liver. The neces- 
sity for immediate institution of glucose therapy increases according to the num- 
ber of elapsed days prior to antitoxin injection, 

AUTHOR. 


Fischer, Robert, and Wasserbrenner, Klemens: Paroxysmal Ventricular Tachy- 
cardia in Calcification of the Pericardium, Med. Klin. 31: 1171, 1935. 


The authors suggest that the paroxysmal tachycardia in the thirty-five-year- 
old patient reported was due to calcification of the pericardium. This ecalei- 
fication was identified by x-ray and was the only abnormality found on elinical 


examination. Quinidine prevented the recurrence of the attacks. 


Winkelbauer, A., and Schur, M.: On Surgical Therapy of Adhesive Pericarditis, 
Med. Klin. 31: 1231, 1935. 


The authors report and discuss in detail eight cases of adhesive pericarditis in 
which surgical intervention was employed. They conclude that when ascites is 
prominent, an attempt should be made to free the mouth of the inferior vena 
cava from adhesions and when hydrothorax is prominent, the surgeon should 
concentrate on freeing the adhesions encumbering the left ventricle. The decor- 
tication of the anterior wall of the right ventricle should be deferred until after 
the heart is freed from the diaphragm and the posterior chest wall. There is 
no reason why the operation cannot be done in several stages. The condition 
of the heart is the factor determining how many stages the operation should 
require. The electrocardiogram and the amount of peripheral edema are espe- 
cially valuable in estimating the cardiac state. In severely damaged hearts a 
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single-stage operation is hazardous. In hearts with advanced involvement it 
is best to do only a Brauer cardiolysis. When the patient’s condition permits, 
the surgeon can start severing the adhesions, preferably over the left margin of 
the left ventricle. Further decortication can then be done at later stages. It 
is best to stop the operation whenever the pulse and blood pressure indicate 
weakening of the cardiac power, even with an apparently healthy myocardium. 
Great care must be used when calcified plaques are encountered. When these 
plaques are on the epicardium or when the epicardium and parietal pericardium 
are closely adherent, it is best to avoid the region containing the plaque since 
irreparable tears of the myocardium can easily be produced. The authors prefer 
to make a large flap over the left lateral chest wall rather than to use the an- 
terior transpleural incision. The lateral approach not only has the advantage 
of the cardiolysis operation, but also permits better access for decortication of 


the posterior and inferior surfaces of the heart. 


Meyer, Otto: On the Problem of ‘‘Growing-Pains,’’ Miinchen. med. Wehnschr. 

82: 1523, 1935. 

The author claims that in most patients with ‘‘growing-pains’’ seen by him 
he could demonstrate a latent phlebitis in the legs, both by pressure over the 
veins (by a special technic which he describes) and by other considerations 
previously reported by him. The cardiac complications are ascribed to bacterial 


toxins produced in the infected veins, 


Werner, Sidney C.: Rheumatic Cardiac Disease: Association of Active Rheu- 

matic Fever With Heart Failure, Arch. Int. Med. 572 94, 1936. 

A study has been made of 100 consecutive cases of rheumatic cardiac disease 
with heart failure in wards, of 75 cases of the same condition with autopsy, and 
of 50 cases of syphilitic cardiac disease included for comparative purposes. 

Signs of active rheumatic fever have been demonstrated in 45 per cent of 
the clinical cases of rheumatic cardiae disease. Activity has been suspected 
in an additional 21 per cent. 

In the pathological material, active lesions have been found in 66 per cent 
of the cases of rheumatic cardiac disease. 

An exertional or mechanical factor associated with cardiac insufficiency was 
definite in only 8 per cent of the cases of rheumatic cardiac disease and 7 per 
cent of the cases of syphilitic cardiac disease. There was no demonstrable fac- 
tor in the remaining 26 per cent and 48 per cent of the cases of rheumatic 
and syphilitic cardiae disease, respectively. 

Infection of the respiratory tract is concomitant with the loss of cardiac re- 
serve in 50 per cent of the clinical cases of rheumatic and syphilitie cardiae dis- 
ease. 

A seasonal rise in the number of patients with rheumatic fever admitted to 
the hospital for cardiac insufficiency is indicated, corresponding to the known 
statistics on morbidity for rheumatic fever in New York City. The finding is 
not demonstrable in the series with syphilitic cardiac disease. 

AUTHOR. 


Yater, W. M., and Leffler, H. H.: Massive Lymphosarcomatous Invasion of the 
Heart (Report of a Case). M. Ann. District of Columbia 4: 253, 1935. 


Metastases to the heart are uncommon, but they have occurred from neoplasms 
of all the main organs. Carcinomatous metastases are more common than sar- 
comatous. The invasion of the heart apparently occurs by way of the blood 
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stream. Serious cardiac dysfunction rarely results, and in the case reported there 
was nothing to indicate any injury to the heart muscle. Occasionally congestive 
heart failure occurs; sudden death has occurred; subacute bacterial endocarditis 
may be simulated; and heart-block is rarely caused by tumor. Of great value in 
the diagnosis of metastatic invasion of the heart is the onset of auricular fibrilla- 
tion or auricular flutter in a case of recognized malignant neoplasm of some other 
organ. Bloody fluid in the pericardial sac is also suggestive, and a localized en- 
largement or an irregularity in the outline of the heart in the roentgenogram 
should bring the possibility of tumor of the heart to mind. 

The case presented is that of a forty-nine-year-old colored woman who suffered 
a fatal illness with symptoms of about ten weeks’ duration. Although it was 
evident that she was suffering from some malignant neoplastic disease, the exact 
diagnosis was undetermined during life. At no time were there symptoms or 
signs of cardiac disease. At necropsy it was found that a lymph node behind the 
head of the pancreas had taken on malignant properties, invaded the pancreas, 
and then disseminated its cells through the blood stream to the liver, kidneys, 
spleen, heart, and lungs. The metastatic lesions far surpassed the primary lesion 
in size, and the heart showed great invasion of the walls of both chambers by 
tumor. Nodules projected outward beneath the epicardium and inward beneath 
the endocardium. Microscopic study showed typical lymphosarcoma. 

AUTHOR. 


Shelburne, Samuel A.: Primary Tumors of the Heart; With Special Reference 
to Certain Features Which Led to a Logical and Correct Diagnosis Before 
Death, Ann. Int. Med. 9: 340, 1935. 

This report, the second in medical literature, describes the signs, symptoms, 
and histologic appearance of a primary tumor of the heart which was correctly 
diagnosed before death. According to Gottel (1919), the first clinical diagnosis 
of this condition was made by Pavlowsky. The differential diagnosis which led 
to the correct assumption in this instance was also found applicable in two 
others found among autopsy records; it should lead more frequently to the cor- 
rect diagnosis, whenever an otherwise unexplainable bloody pericardial effusion 
is encountered. Other signs and symptoms have not infrequently led to a diag- 
nosis of secondary tumor but are unreliable in the diagnosis of primary tumors. 


AUTHOR. 


Prinzmetal, Myron, and Wilson, Clifford: The Nature of the Peripheral Resistance 
in Arterial Hypertension With Special Reference to the Vasomotor System. 
J. Clin. Investigation 15: 63, 1936. 


Determinations of resting blood flow in the arm in various types of hyper- 
tension (benign, malignant, and secondary) give an average value no greater 
than that obtained from subjects with normal blood pressure. This indicates 
that increased vascular resistance in the different types of hypertension is not 
confined to the splanchnic area but is generalized throughout the systemic circula- 
tion. 

-atients with hypertension show increase in blood flow in response to heat 
and reactive hyperemia equal in degree to that produced in normal individuals, 
showing that the blood vessels in hypertension are capable of considerable dila- 
tation and indicating that the increased peripheral resistance is due to hypertonus 
and not to organic changes in the vessel walls. 

Sympathetic vasodilatation produced by the ‘‘heat test’’ produces no greater 
increase in blood flow in subjects with high blood pressure than in normal individ- 
uals, suggesting that the vascular hypertonus is not vasomotor in origin. 
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Patients with coarctation of the aorta, on the other hand, show a greater in- 
crease in blood flow in the arm in response to the heat test than controls or 
patients with generalized hypertension. This demonstrates that vasoconstriction 
of sympathetic origin is present in the upper extremities in coarctation of the 
aorta, and affords confirmatory indirect evidence that the hypertonus in general- 
ized hypertension is not of vasomotor origin. Sympathetic vasoconstriction in 
the upper extremities in coarctation of the aorta may be regarded as a com- 
pensatory mechanism which maintains the normal distribution of blood through- 
out the body. 

Anesthetization with novocaine of the vasomotor nerves to the arm produces 
the same increase in flow in normal subjects and patients with hypertension, prov- 
ing that the vascular hypertonus is independent of the vasomotor nerves, and 
that this hypertonus must therefore be regarded as intrinsic spasm of the blood 
vessels themselves. 

Acute exacerbation of hypertension with change from the benign to the malig- 
nant type has been observed in one case. Such exacerbation is apparently not 
due to increased vasomotor activity but must be attributed to an increase in the 
intrinsic vascular hypertonus. 

The above conclusions apply to all types of hypertension studied; namely, 
benign hypertension, malignant hypertension, and ‘‘renal’’ hypertension asso- 
ciated with acute and chronic glomerulonephritis and chronic pyelonephritis; hence 
there is no physiological evidence for the separation into ‘‘organic’’ and ‘‘ fune- 
tional’’ types or for the assumption that renal hypertension is due to vasomotor 
hypertonus. 

It has been shown in both normal subjects and in patients with hypertension 
that there is vasoconstrictor and vasodilator innervation to the blood vessels of 
the arm. In this region greater variations in blood flow are produced by vaso- 
dilator than by vasoconstrictor impulses. In the types of hypertension studied, 
it appears therefore that normal vasomotor activity is superimposed on the in 
trinsic vascular hypertonus. 

Surgical procedures aiming at the relief of high blood pressure by sympathec- 
tomy do not abolish the vascular hypertonus which is fundamentally responsible 


for the hypertension. 
AUTHOR. 


Thompson, Kenneth W., and Dunphy, John E.: Intraabdominal Apoplexy. Ann. 
Surg. 102: 1116, 1935. 


Intraabdominal apoplexy is the spontaneous rupture of an arteriosclerotic 
artery of one of the abdominal viscera. The case presented appears to be the 
eighth reported in the medical literature. A woman sixty-two years old was 
awakened by severe pain in the left precordial and left upper abdominal regions 
seventeen hours before admission to the hospital. The pain gradually spread to 
the entire abdomen and soon was associated with nausea and attempts to vomit. 
Examination at the hospital showed abdominal distention and tenderness, shifting 
dullness in the flanks, and some involuntary muscle spasm. The blood pressure 
was 120 systolic and 70 diastolic. Abdominal exploration revealed a large amount 
of liquid blood and much clotted blood in the peritoneal cavity. The gastro- 
hepatic omentum was a thickened hemorrhagic mass, apparently the site of the 
hemorrhage, although no bleeding point was found. The patient was well six 
months after operation. 


E. A. 
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Kerr, H. H.: Aortic Embolectomy. M. Ann. District of Columbia 4: 249, 1935. 


The author describes the symptoms and findings in a case of operative removal 
of a saddle embolus of the aorta. As a result of this study he suggests that in 
cases of saddle embolus the femoral artery be exposed in Scarpa’s Triangle under 
local anesthesia. A soft rubber tube, slightly smaller than the lumen of the 
vessel and attached to a suction apparatus, should then be passed into the vessel 
a centimeter at a time after thorough lubrication with sterile oil. After ad- 
vancing the tube up the vessel 1 em. it should be withdrawn and again advanced 
up the vessel an additional centimeter. In this way, advancing the suction a 
centimeter at a time, any clot in the vessel may be caught in the tube and with- 
drawn. Should the tube be forced directly up to the bifurcation there would be 
danger of forcing the embolus into the opposite iliae system. 

Such a surgical attack upon a saddle embolus of the aorta would be a minor 
procedure compared with the extensive abdominal dissection that is necessary to 
expose the aorta and its bifurcation. In case of embolic block of the main 
vessels of the upper extremity in the axilla, or of the lower extremity at the 
femoral or popliteal area, the same procedure could be carried out. 

H. McC. 


Ettinger, G. Harold, and Hall, G. Edward: Synergy of Adrenaline and Acetyl- 
choline on the Pulmonary Blood Vessels in the Rabbit. Quart. J. Exper. 
Physiol. 25: 18, 1935. 


The tunica media of the pulmonary artery and arteriole of the rabbit is 
capable of causing death by firm contraction. It has an abundant nerve supply 
apparently capable of handling wide variations in the contractile state of the 
artery, but the feeble reactions of the pulmonary artery to adrenalin and sympa- 
thetic stimulation indicate that the sympathetic nerves would hardly control 
the necessary variations in caliber. The powerful vasoconstricting effect of 
acetylcholine coupled with results of vagus stimulation suggests that the vagus 
or other parasympathetic fibers may be responsible for the greater part of the 


vasoconstriction. 
BE. A. 


Kirklin, O. L.: Obstruction of the Right Innominate and Left Subclavian Arteries 
With Orthostatic Syncope. Proc. Staff. Meet. Mayo Clinie 10: 673, 1935. 


A man fifty years old complained of attacks of syncope preceded by blurring 
of vision. On several occasions he had experienced sensations of fainting without 
losing consciousness. All the episodes occurred when the patient was in the 
erect posture. The blood pressure could not be determined in the right arm; 
in the left arm it was 70 systolic and 60 diastolic when the patient was recum- 
bent; it was somewhat lower when the patient sat and could not be determined 
when he stood. Pulsations were absent in the right carotid, subclavian, axillary, 
brachial, radial, and ulnar arteries. Pulsations were faint in the left subclavian, 
axillary, brachial, radial, and ulnar arteries when the patient lay and disappeared 
when he stood. The nature of the lesion occluding the right innominate and sub- 
clavian arteries could not be determined. The brain received its blood from the 
left carotid artery alone and digital occlusion of it caused syncope. Ephedrine 
sulphate was used therapeutically but sufficient time had not elapsed to determine 


its efficiency. 
E. A. 
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Roome, Norman W., and Wilson, Harwell: Experimental Shock. The Effects of 
Extracts From Traumatized Limbs on Blood Pressure. Arch. Surg. 31: 361, 
1935. 


Two theories suggested as the mechanism of traumatic shock have received 
most attention recently: (1) that of absorption of metabolic toxins from trauma- 
tized area which effect vasodilation and increased permeability of capillaries and 
(2) that of local loss of blood or plasma, or both, resulting in a serious decrease 
in the volume of circulating blood. Experiments on dogs are described in which 
extracts obtained from traumatized limbs were perfused in a second animal. 
Preliminary experiments showed that such extracts were markedly hemocoagulant, 
contained particles of fat and of tissues, and almost invariably caused death 
when injected intravenously. Extracts purified by centrifugation when injected 
into a heparinized animal caused a rise in blood pressure; if the bloody fluid 
was removed before centrifugation, the extract did not cause a sustained fall in 


blood pressure or death. The ‘‘toxic theory’’ was not supported by the experi- 


ments. 


Goldhammer, St., Leiner, G., and Scherf, D.: The Amount of Circulating Blood 
Before and After Mercury Diuresis. Klin. Wehnschr. 46: 1109, 1935. 


Determination of the amount of circulating blood with CO and trypan red 
method in fourteen cases of heart failure showed a diminution in the amount of 
circulating blood twenty-four hours after salyrgan injections. The diminution 
paralleled the amount of diuresis and loss of weight. The plasma volume and 
red cell count were found to be diminished. The results are not due to reduced 
amount of blood but to diminished water retention in the tissues. There appears 
to be a shift of blood from the liver and large veins to the periphery. 


Starr, Isaac, Jr.: Acetyl-8-Methylcholin: IV. Further Studies of Its Action in 
Paroxysmal Tachycardia and in Certain Other Disturbances of Cardiac 


Rhythm, Am. J. M. Se. 191: 210, 1936. 


Acetyl-8-methylcholin has been used in the treatment of 75 attacks of paroxys- 
mal tachyeardia in 37 patients. In 66 instances (88 per cent) the attack was 
promptly brought to an end. 

The dosage necessary to terminate attacks of paroxysmal tachycardia varies 
with the age as well as with the weight of the patient. 

Quinidine antagonizes the cardiac action of acetyl-8-methylcholin and may well 
be responsible for the failure to bring attacks of paroxysmal tachycardia to an 
end in certain cases. 

In auricular flutter change in the rhythm car occasionally be brought about 
by acetyl-8-methylcholin. 

In one case the frequency of ventricular extrasystoles was diminished by the 
drug. 

The effects of overdosage of the drug are described. The symptoms are close- 


ly analogous to those of the ordinary attack of syncope. 


AUTHOR. 


E. A. 


Book Review 


DiciraLis. By Dr. H. Weese, Leipzig, Georg Thieme, 1936, 296 pages. 


This review of the literature is presented in eight chapters, differing widely 
in length and importance, with an extensive index, and with a table of contents 
which, with its many subdivisions, exceeds in length (7 pages) the space allotted 
to this review. There are more than 1,200 references to the literature, which is 
analyzed with skill. 

The first chapter presents a brief review of the history of digitalis. After 
Withering had proved its extraordinary value in the treatment of cardiac disease, it 
was employed in so many conditions for which it is useless that it was threatened 
with eclipse; and more than a century passed before the rational therapy of digitalis 
was reestablished. 

The second chapter (27 pages, exclusive of 185 references) discusses the identifica- 
tion and standardization of digitalis bodies and chemical and biological methods of 
studying them. Regret is expressed that while we have an international standard 
of activity available for the whole world, the therapy constitutes a veritable Tower 
of Babel. The avowed purpose of the book is to bring about the desired standard 
of therapy. 

The third chapter (30 pages, 258 references) treats of many drugs of this group, 
most of them cursorily; of their active and their inert principles; galenical prepara- 
tions; and the chemistry of the principles of hitherto unknown constitution. 
Digitalis, strophanthus, and squill and their constituents are the only ones of much 
interest to the internist except in connection with the unceasing efforts of manu- 
facturers to introduce substitutes for digitalis. 

The fourth chapter (40 pages, 143 references) embraces the more recent chemistry 
of the glucosides of this group. Great strides have been made in this field in which 
American investigators occupy a prominent place. 

The author explains much of the confusion that exists with regard to many of 
the names of digitalis principles, and their relationships to each other. He distin- 
guishes as ‘‘genuine digitalis glucosides’’ those which are obtained by a process 
which is supposed to avoid chemical change, from those now in common use, in- 
cluding digitoxin and true digitalin. 

The fifth chapter (40 pages, 151 references) discusses the biochemistry of digitalis 
glucosides. Absorption is considered at length, but the subject requires care on 
the part of the reader to avoid misunderstanding. Every student of this problem 
knows that the absorption of these glucosides varies widely with the mode of 
administration, with different principles, and with different species. One observer 
found that the infusion of digitalis is only one-thirtieth as active after oral admin- 
istration as it is after injection, in one species. That does not apply to man, 
however. 

The behavior of these glucosides in the blood, their distribution in the body, 
their elimination, by decomposition and by excretion, are all discussed at length, 
but there is no subject which stands in greater need of further study. Little is 
known of the fate of these substances in the body, and that little is confined mainly 
to the cold-blooded species in which the behavior differs widely from that in man. 
Practically nothing is known of the excretion of digitalis in the urine of man, or of 
the seat of its decomposition. 

Cumulation, formerly considered mysterious, but which is merely persistence of 
action, is discussed from the experimental and the theoretical standpoints. The 
author maintains that the cumulative action of digitoxin is a toxic effect. That is 
difficult to reconcile with the commonly accepted facts of digitalis therapy. 
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The sixth chapter (79 spages, 450 references), entitled ‘‘ Special Pharmacology,’’ 
has more than one hundred subdivisions. It takes up the chief factors concerned in 
the effects of digitalis on the circulation. These include: the action on the isolated 
heart; the action on the vessels; the minute-volume of the circulation; the action 
outside of the heart, and, finally, the action on the intact circulation. 

The prevalent confusion regarding the vasoconstrictor action of digitalis is ex- 
plained, and the author states that the mistaken belief that digitalis constricts the 
coronaries led to its combination with various drugs of the xanthine group, includ- 
ing caffeine and theobromine. He finds no evidence that digitalis constricts the 
coronary vessels in man, or that these arteries behave differently toward digitalis 
from the other blood vessels of the body. 

Weese concludes that the diuresis induced by digitalis is due in part a direct 
action on the kidneys, though it is due mainly to the actions on the heart. He 
finds no evidence that digitalis acts on the vasomotor centers or on any other part 
of the central nervous system. He concludes that digitalis acts peripherally, but 
not on the stomach, to induce vomiting, the exact seat being undetermined. Neverthe- 
less, he implies that the saponin is of importance when digitalis is administered 
orally. That view is so thoroughly discredited that few will accept it. 

The seventh chapter merely presents a tabulation of the activity of many members 
of the group with different methods of administration to the frog, cat, dog, rabbit, 
and pigeon, as presented by various investigators. 

The eighth chapter is concerned with the therapeutic use of digitalis and its 
substitutes. The author states that digitalis glucosides (including all digitalis 
bodies) are the only substances that simultaneously decrease the rate of the heart; 
inhibit conduction; promote cardiac contractility; and improve the coronary circula- 
tion, without increasing resistance by vasoconstriction and interference with the in- 
creased work of the heart. Thus all the actions on the heart coincide to increase 
the function of the injured heart—that is, to maintain the optimum minute-volume 
of the circulation. 

The author concludes that digitalis is useless in vascular collapse in the absence 
of cardiac injury, in acute infections, and in surgical operations, but that it is often 
of value in chronic infections when the heart has suffered injury. 

The latter part of this chapter is devoted to the question of dosage. The author 
had previously objected to the use of pills because the active principles must be 
first extracted by the gastrointestinal juices and then absorbed. The objection is 
not valid so far as properly made tablets are concerned, though extraction and absorp- 
tion must occur, of course. Weese expresses astonishment that Lewis (translation, 
1935) does not mention the therapeutic use of strophanthin by intravenous injection. 
That astonishment will not be shared by the greater number of American cardiol- 
ogists. On the other hand, Weese does not mention the most comprehensive study 
that has been made of the use of digitalis in the treatment of pneumonia—that 
conducted at Bellevue Hospital several years ago. In fact this chapter contains 
no reference to any American paper of later date than 1926. That fact alone would 
justify the criticism that this chapter might have been omitted without serious 
loss. This chapter affords an illustration of an obvious fact, but one which is often 
forgotten. It is the office of the pharmacologist to lay the foundation for the 
therapeutic use of drugs. It is not his office to give minute directions to the internist 
concerning the administration of drugs. It is hardly necessary therefore, to discuss 


this chapter further. 
R. A. H. 
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